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I. REAL PARTIES IN INTEREST 



The real parties in interest are the Assignees, the 
University of Tennessee Research Foundation and the Board of 
Trustees of Ohio University, as evidenced by Assignments recorded 
in the Patent and Trademark Office at Reel 012396/Frame 0011 on 
December 26, 2001 and at Reel 013219/Frame 0333 on August 20, 
2002. 

H. RELATED APPEALS AND INTERFERENCES 

Appellant is aware of no other appeals or interferences 
which will directly affect or be directly affected by or have a bearing 
on the Board's decision in the pending appeal. 

m. STATUS OF THE CLAIMS 

Originally claims 1-7 were filed with this Application and 
subject to Restriction. In response to the Restriction Requirement, 
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claims 6-7 were elected and claims 1-5 were withdrawn from 
consideration. In a supplemental response to a Final Office Action 
mailed April 8, 2003, claims 1-5 and 7 were canceled. Therefore, 
independent claim 6 is pending. 



IV. STATUS OF AMENDMENTS 

Subsequent to the final rejection mailed April 8, 2003, 
Applicants submitted a Response after Final, filed June 9, 2003, in 
which claims 1-7 were pending, claims 1-5 were withdrawn from 
consideration, claim 6 was previously presented and claim 7 was 
currently amended. In a Supplemental Response after Final, filed 
August 25, 2003, independent claim 6 was amended to incorporate 
part of the previously presented claim 7 and claims 1-5 and 7 were 
canceled. In an Advisory Action, mailed September 12, 2003, the 
Examiner indicated that the amendment would be entered into the 
record for the purposes of filing an Appeal. Independent claim 6 
remains in the application. 
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V. SUMMARY OF THE TNVENTTON 



The present invention is directed to a method of 
targeting drug carriers to select tissue via the up regulation of 
adhesion molecules expressed on endothelial cells in response to 
exposure to radiation (pg. 2, 11. 5-8). The adhesion molecule may be 
ICAM-1. The targeting drug carrier may be a biodegradable particle, 
such as a polymer or copolymer (pg. 24, 11. 11 to pg. 25, 11. 15; pg. 
45, 11. 10-16) labeled with an anti-ICAM-1 antibody or fragment 
thereof (pg. 48, 11. 10 to pg. 49, 11. 7). The method is useful for 
treating cancer by irradiating a target tissue or organ in an 
individual and administering the anti-ICAM-1 biodegradable particle 
thereto. 



VL ISSUES 



A. 35 U.S.C. $103 

Whether claim 6 is obvious under 35 U.S.C. §103 over 
Hallahan (U.S. Patent No. 6,159,443) in view of the known fact 



disclosed in the specification on pg. 4, 11. 15-20, pg. 5, 11. 1-5 and pg. 
10, 11. 12-20 and Mastrobattista et al. {Biochim. Biophys. Acta, 
1999, 1419,353-363). 



VII. GROUPING OF CLAIMS 

No grouping of claims is present as only claim 6 is 
pending and rejected. 

VIII. ARGUMENTS 

A. Rejection Under 35 II S C 8103 

In an Advisory Action mailed September 12, 2003 in 
response to a Supplemental Response to the Final Office Action 
mailed April 8, 2003, the Examiner maintained the rejection of 
claim 6, for substantially the same reasons of record in Paper No. 9, 
mailed April 8, 2003 . and Paper No. 11, mailed June 26, 2003, as 
being obvious over the disclosures made in the instant application 
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and the prior art cited under 35 U.S.C. §103 as stated in Section VI 
Issues supra. Applicants vigorously traverse this rejection. 

The Examiner maintains that the instant invention is 
obvious because (1) the instant application discloses that the 
exposure of diseased tissue to irradiation causes an increase in 
expression of P-selectin and ICAM-1 (pg. 4, 11. 15-20, pg. 5, 11. 1-5 
and pg. 10, 11. 12-20); (2) Mastrobattista et al disclose a 
biomolecular carrier bearing anti-ICAM antibodies (entire 
document); and (3) Hallahan et al teach biomolecular carrier 
bearing antibodies to P-selectin (col. 7-8). 

Thus, the Examiner states it would have been obvious to 
one skilled in the art to apply the teachings of Mastrobattista et 
al and the specification to Hallahan et al and substitute 
biomolecular carrier bearing antibodies to one cellular adhesion 
molecule, P-selectin, to biomolecular carrier bearing antibodies to 
another cellular adhesion molecule, ICAM-1, because the expression 
of either one of them would be enhanced in target tissue after 
irradiation, to obtain the claimed method of treating cancer by 
irradiating a target tissue or organ and administering the 
biomolecular carrier bearing antibodies specific to ICAM-1. 
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The Examiner further states that Hall aha n et aL 
provided motivation by teaching that there is a substantial need for 
an improved method for a selective delivery of therapeutic or 
imaging agents using biomolecular carrier bearing antibodies to 
cellular adhesion molecule that are over expressed on endothelial 
cells (col. 2, 11. 33-44). Additionally, in response to an "obvious to 
try" argument, as discussed infra, presented by Applicants in the 
Supplemental Response after Final, the Examiner stated that "the 
evidence of purported unobvious results of record in this 
application is insufficient to overcome the inference of fact in this 
case" (Paper No. 9, last paragraph). 

Applicants' invention is drawn to a method of treating 
cancer by irradiating the cancerous tissue/organ and administering 
a biodegradable particle comprising an antibody/Ab fragment that 
binds to ICAM-1 on vascular endothelial cells and a pharmaceutical. 
The specification defines a biodegradable particle as comprising 
biodegradable polymers or PEGylated copolymers, as are known in 
the art, e.g., poly-(e-caperlactone) (pg. 24, 11. 11 to pg. 25, 11. 15; pg. 
45, 11. 10-16). 
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To establish obviousness all of the elements of the 
invention must be taught by the prior art. Additionally, one must 
consider what is fairly taught in the references. Applicants submit 
that the instant specification discloses that P-selectin and ICAM-1 
are radiation inducible. However, both Applicants (pg. 9, 11. 4-7) 
and Hallahan et al (col. 5, 11. 64 to col. 6, 11. 45) teach that P- 
selectin is localized to the vascular lumen and not to the vascular 
endothelial cell surface in irradiated tumors in vivo. Hallahan et 
al do not teach (Applicants' emphasis) biomolecular carrier 
bearing antibodies specific to P-selectin, but rather a drug or 
therapeutic containing delivery vehicles, such as liposomes, that 
bear antibodies or that are antibodies that bind to platelet antigens, 
such as anti-GP-IIb or anti-GP-IIIa, on activated platelets that 
aggregate to P-selectin in the vascular endothelium after delivery of 
radiation (Abstract; col 7, 11. 37 to col. 8, 11. 10). Mastrobattista et 
al teaches that an anti-ICAM-1 immunoliposome specifically targets 
ICAM-1 on bronchial epithelial cells in a liposome concentration- 
dependent manner in vitro. 

Regarding motivation as stated by the Examiner supra, 
Applicants reiterate that Hallahan et al do not teach methods of 
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selective delivery to cellular adhesion molecules nor improvements 
on such methods. However, even given the motivation to one of 
ordinary skill in the art in view of Hallahan et al disclosing a 
substantial need in the art for an improved method for the selective 
delivery of therapeutic agents to neoplastic tissue (col 2, 11. 37-39), 
Applicants strongly maintain that even should one of ordinary skill 
in the art find motivation to target anti-ICAM-1 -liposomes to ICAM-1 
expressed on vascular endothelial cell surfaces, replacing the anti- 
ICAM-1 liposome with Applicants' biodegradable particle to target 
radiation-induced vascular endothelial ICAM-1 in vivo merely would 
be trying. 

In considering the Examiner's rebuttal statement for 
Applicants' "obvious to try" argument, the Examiner does not state 
what inference or conclusion of fact may be reasoned from the cited 
prior art and/or Applicants' disclosures as being true or proven that 
renders the instant invention obvious, particularly in that the prior 
art does not teach all the elements of the instant invention. 
Applicants respectfully submit that one of ordinary skill in the art 
would have to make unsupported leaps in reasoning against what is 
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taught in the prior art and/or known in the art to arrive at 
Applicants' invention based on these teachings. 

First, neither Hallahan et al nor Mastrobattista et al. 
teach targeting an antibody-labeled delivery vehicle or carrier 
containing a therapeutic to P-selectin or ICAM-1 expressed in the 
vascular endothelium in vivo. Second, neither reference teaches 
Applicants' biodegradable particle, as defined supra, as a potential 
carrier of the therapeutic. Additionally, it is known in the art that 
biodegradable polymer particles may have drawbacks such as rapid 
removal from the circulation and a low adsorption level of ligand 
(pg. 24, 11. 18 to pg. 25, 1L 1). Thus no inference can be made as to 
the efficacy of an anti-ICAM-1 bioparticle based on the in vitro 
targeting of an anti-ICAM-1 immunoliposome in Mastrobattista et 
al. Consequently, a person having ordinary skill in the art is 
reduced to trying. 

Third, Mastrobattista et al. target anti-ICAM-1- 
immunoliposomes in vitro. In this instance, one must consider that 
an in vitro model is significantly different from an in vivo model. In 
vivo, radiation induces the expression of ICAM-1 in the endothelium 
and causes aggregation and binding of leukocytes to ICAM-1. 
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Mastrobattista et al teach that ICAM-1 is expressed on vascular 
endothelial cells, some epithelial cells and a subset of leukocytes 
(pg. 354, first col., 11. 1-5). 

However, leukocytes are not present in the in vitro 
model. If, arguendo, one of ordinary skill in the art would be 
motivated to target ICAM-1 in the vascular endothelium in vivo, 
then reasonably one of such skill must expect that leukocytes could 
compete with, interfere with or prevent binding of any anti-ICAM-1 
carrier to endothelial expressed ICAM-1 in vivo. Applicants 
demonstrate that the anti-ICAM-1 bioparticles specifically target 
endothelial ICAM-1 and do not bind at all to leukocytes in vivo (pg. 
50, 11. 17 to pg. 51, 11. 8). However, this teaching is found only in 
Applicants' disclosure and therefore cannot be used to establish 
obviousness. 

Finally, as stated supra, both Applicants and Hallahan 
et al. teach that in response to radiation P-selectin is localized to the 
vascular lumen and not expressed on the endothelial cell surface. 
This teaches away from the instant invention and Mastrobattista 
et al. Applicants specifically teach that anti-ICAM-1 bearing 
biodegradable particle selectively adhere to the vessel wall 
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expressing ICAM-1 (pg. 48, 11. 10 to pg. 49, 11. 7). Again, one of 
ordinary skill in the art cannot infer that Applicants' anti-ICAM-1 
bioparticle nor any anti-ICAM-1 carrier would successfully target 
ICAM-1 on the vascular endothelial cell surface in vivo from 
teachings of the in vitro binding of an anti-ICAM-1 immunoliposome 
in Mastrobattista et al. and the in vivo binding of anti-platelet 
antigen delivery vehicles to platelets aggregating to P-selectin in the 
vascular lumen, as taught by Hallahan et al. 



Thus, for the reasons given above, Applicants 



respectfully urge that the decision of the Examiner should be 
reversed and that claim 6 be allowed. 
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8011 Candle Lane 
Houston, Texas 77071 
(713) 270-5391 (tel.) 
(713) 270-5361 (facs.) 
badlerl @houston. rr.com 



Respectfully submitted, 




Benjamin Aaron Adler, Ph. D., J.D. 
Registration No. 35,423 
Counsel for Applicants 
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CLAIMS ON APPEAL 



Claim 6. A method of treating a cancer in an 
individual in need of such treatment, comprising the steps of: 

irradiating a cancerous target tissue or organ in said 
individual; and 

administering to said individual a biodegradable particle 
comprising antibodies or antibody fragments that bind to ICAM-1 
expressed on an endothelial cell of said irradiated tissue or organ 
and a pharmaceutical. 



14 



( 




ELSEVIER Biochimica et Biophysica Acta 1419 (1999) 353-363 



BIOCMIM1CA ET BIOPHVS1CA ACTA 

BB3 



www.elsevierxom/locate/bba 



Cellular uptake of liposomes targeted to intercellular adhesion 
molecule-1 (ICAM-1) on bronchial epithelial cells 

E. Mastrobattista a '*, G. Storm a , L. van Bloois a , R. Reszka b , P.G.M. Bloemen c , 

DJ.A. Crommelin a , P.AJ. Henricks c 

Department of Pharmaceutics. Utrecht Institute for Pharmaceutical Sciences, Utrecht University, P.O. Box 80.082, 

3508 TB Utrecht, The Netherlands 
b MaxrDelbriick-Center for Molecular Medicine, Group Drug Targeting, 13122 Berlin-Buch, Berlin, Germany 
c Department of Pharmacology and Pathophysiology, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, P.O. Box 80.082, 

3508 TB Utrecht, The Netherlands 

Received 15 February 1999; received in revised form 12 April 1999; accepted 3 May 1999 



Abstract 

Previously, it was demonstrated that immunoliposomes, bearing anti-intercellular adhesion molecule-1 (ICAM-1) 
antibodies (mAb F10.2), can specifically bind to different cell types expressing ICAM-1 . In this study, we have quantified the 
amount of immunoliposomes binding to IFN-y activated human bronchial epithelial cells (BEAS-2B) in vitro and studied the 
subsequent fate of cell-bound anti-ICAM-1 immunoliposomes. We demonstrate that binding of the immunoliposomes to the 
epithelial cells depends on the liposome concentration used. After binding to the cell surface, the anti-ICAM-1 
immunoliposomes are rapidly internalised by the epithelial cells. Sixty percent of cell-bound immunoliposomes were 
internalised by the epithelial cells within 1 h of incubation at 37°C. The results indicate that ICAM-1 targeted 
immunoliposomes may be used as carriers for the intracellular delivery of anti-inflammatory drugs to sites of inflammation 
characterised by an increased expression of ICAM-1. © 1999 Elsevier Science B.V. Ail rights reserved. 

Keywords: Immunoliposomes; Adhesion molecules; Drug delivery 



1. Introduction 

Adhesion molecules are cell surface glycoproteins 
that mediate physical and functional interactions be- 
tween two cells or between cells and their extracellu- 
lar matrix. They play an important role in many bio- 
logical processes as diverse as the complex 
organisation of tissues and organs, the migration of 
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cells during embryogenesis and the regulation of im- 
mune responses by mediating the communication be- 
tween different immune cells and the extravasation of 
inflammatory cells into inflamed tissues [1-3]. The 
process of leukocyte extravasation is induced by the 
local release of pro-inflammatory mediators (vasoac- 
tive amines and cytokines) at the site of inflamma- 
tion. This results in a locally induced or increased 
expression of a variety of adhesion molecules on en- 
dothelial cells, which allows multiple adhesive events 
with circulating leukocytes to occur. 

Intercellular adhesion molecule-1 (ICAM-1) is an 
important adhesion molecule involved in the process 
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of leukocyte adhesion and extravasation. ICAM- 1 is 
an immunoglobulin-like transmembrane glycoprotein 
that is constitutively expressed at low levels on vas- 
cular endothelial cells, epithelial cells and on a subset 
of leukocytes and its expression is increased by the 
pro-inflammatory cytokines interferon-y (IFN-y), tu- 
mour necrosis factor a (TNF-a) or iriterleukin- 1 (IL- 
1) [4-9], Numerous studies have demonstrated a lo- 
cally enhanced ICAM-1 expression in inflammation- 
related diseases, such as rheumatoid arthritis [10], 
asthma [11,12], nephritis [13,14], inflammatory der- 
matosis [15,16], and atherosclerosis [17,18]. The in- 
creased expression of ICAM-1 and other cell adhe- 
sion molecules at sites of inflammation is under 
investigation for therapeutic intervention. Up-regu- 
lated expression of adhesion molecules may be uti- 
lised as targets for drug carrier systems for selective 
delivery of anti-inflammatory compounds to sites of 
inflammation. In this light, we have previously con- 
structed liposomes bearing antibodies to ICAM-1 
[19]. These antibody-containing liposomes (immuno- 
liposomes) were shown to strongly bind to different 
cell types expressing ICAM-1 on their surface and 
their binding was positively correlated with the ex- 
pression Jevel of ICAM-1 on the target cells. After 
this first report on immunoliposome targeting to cells 
expressing adhesion molecules, two other reports 
have appeared confirming this possibility [20,21]. 
- Specific binding of immunoliposomes to their tar- 
get cells is an important prerequisite to fulfil but on 
its own not enough for effective drug delivery. As 
many drugs act at intracellular sites, it is required 
that immunoliposome-encapsulated drugs are. deliv- 
ered intracellularly. In principle, three routes that 
may lead to intracellular delivery of encapsulated 
compounds can be discerned. Firstly, immunolipo- 
somes may, after specific cell binding, release their 
contents in close proximity of the target cells, with 
subsequent cellular uptake of released molecules. 
Secondly, immunoliposomes may fuse with the cell 
membrane, thereby releasing their contents into the 
cytosol. Thirdly, cell-bound immunoliposomes may 
be internalised by the target cells via receptor-medi- 
ated endocytosis, followed by the intracellular release 
of encapsulated agents. Whether immunoliposomes 
will be internalised or not is dependent on a variety 
of factors, such as liposome size [22-25], type of cell 
and type of target receptor [26-28]. Targeting of im- 



munoliposomes to receptors with known internalis- 
ing capacities (e.g. transferrin receptor, low density 
lipoprotein-receptor, epithelial growth factor recep- 
tor) will likely result in internalisation of bound im- 
munoliposomes, provided that they are relatively 
small in size (<0.2 Jim) [29-31]. On the other 
hand, it has been shown that immunoliposomes tar- 
geted to non-internalising cell surface molecules on 
tumour cells remain located at the cell surface [32]. 

Here, we report on the interaction of ICAM-1 -di- 
rected immunoliposomes with ICAM-1 expressing 
human bronchial epithelial cells in vitro. We have 
quantified the degree of ceil binding of ICAM-l-di- 
rected liposomes and we demonstrate that specific 
binding of these immunoliposomes to ICAM-1 on 
the bronchial epithelial cell line BEAS-2B triggers 
rapid internalisation of cell-bound immunolipo- 
somes. The results are discussed in the context of 
targeted drug delivery to sites of inflammation, char- 
acterised by an increased expression of ICAM-1 . 



2. Materials and methods 

2.L Materials 

2.1.1. Liposome-related materials 

Cholesterol (CHOL), AT-succinimidyl-S-acetyl- 
thioacetate (SATA), A^-ethylmaleimide, and calcein 
were obtained from Sigma (Rockford. IL, USA). 
Chloroform and methanol (pro analysi) were ob- 
tained from Merck (Darmstadt, Germany), and 

A^dimethylformamide (DMF) and hydroxyiamine 
hydrochloride from Janssen Chimica (Geel, Bel- 
gium). Partially hydrogenated egg phosphatidylcho- 
line with an iodine value of 40 (PHEPC; Asahi, Ibar- 
akiken, Japan) was prepared as described previously 
[33]. Egg phosphatidylglycerol (EPG) was kindly do- 
nated by Nattermann (Cologne, Germany), N-[4-(p- 
maleimidophenyl) butyryljphosphatidylethanolamine 
(MPB-PE) was synthesised as described before 
[32,34]. 

2.1.2. Cell-related materials 

IFN-y was purchased from Boehringer-Mannheim 
(Mannheim, Germany), keratinocyte medium (kera- 
tinocyte-SFM) and supplements for keratinocyte- 
SFM, containing recombinant human epithelial 
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growth factor (rhEGF), and bovine pituitary extract 
came from Gibco, Grand Island, NY, USA.. Bovine 
serum albumin (fraction V), fluorescein isothiocya- 
nate (FITC)-labelled goat anti-mouse F10.2 IgG 
(Fab'-specific) and .R-phycoerythrin (PE)-labelled 
goat anti-mouse IgG were obtained from Sigma. 
Anti-ICAM-1 mAb (IgGi), clone F10.2 was pre- 
pared and isolated as described before [35]. Form- 
aldehyde was obtained from Janssen (Geel, Bel- 
gium). 

2.2. Cell culture 

The human bronchial epithelial cell line BEAS-2B 
obtained from Dr J.F. Lechner (National Institutes 
of Health, Bethesda, MD, USA) was cultured in se- 
rum-free keratinocyte medium, supplemented with 
bovine pituitary extract (25 |ig/ml), rhEGF (2.5 ngf 
ml) and gentamicin (50 (ig/ml). In order to obtain an 
enhanced expression of ICAM-1, BEAS-2B cells 
were stimulated with IFN-y (200 U/ml) 24 h prior 
to use in immunoliposomes binding and internalisa- 
tion experiments [7]. BEAS-2B cells were cultured at 
37°C with 5% C0 2 in humidified air. 

2.3. Preparation of immunoliposomes 

Immunoliposomes, bearing covalently coupled 
F10.2 mAbs on their surface, were prepared as de- 
scribed previously [19]. In short, liposomes were 
made from PHEPC, EPG, CHOL, and MPB-PE 
(38.5:4:16:0.06 molar ratio) by lipid film hydration 
and subsequent extrusion through 0.2 (xm polycar- 
bonate filters [36]. When indicated, calcein was in- 
corporated as an aqueous marker at a concentration 
of 90 mM and/or rhodamine-PE at an amount of 
0.1 mol% of total lipid. Freshly thiolated mAb 
F10.2 (100 ^g/ml final concentration) was added to 
the liposomes (73.3 \imo\ phospholipid/8 ml) and in- 
cubated for 1 h and 45 min at room temperature 
under constant rotation. The coupling reaction was 
terminated by adding 50 ^1 of freshly prepared 8 mM 
A^-ethylmaleimide in HEPES buffer (10 mM HEPES; 
1 mM EDTA; 135 mM NaCl pH 7.4). Liposomes 
were separated from unconjugated mAbs by ultra- 
centrifugation (4 runs of 30 min at 60000Xg) and 
stored at 4°C. As a control in binding and internal- 
isation experiments, liposomes with the above men- 
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tioned composition were used without conjugated 
F10.2 mAb. 

2.4. Liposome characterisation 

Mean particle size was determined by dynamic 
light scattering as described before [19]. Mean size 
of liposomes was 0.2-0.25 [im with a polydispersity 
index varying from 0.06 to 0.15. Phospholipid con- 
centration was determined by the colorimetric meth- 
od of Fiske and Subbarow [37]. The amount of con- 
jugated IgG on the liposomal surface was determined 
with the Bio-Rad DC protein assay kit (Bio-Rad 
Laboratories, Hercules, CA, USA) with mouse IgG 
as standard. The protein coupling ratios for the dif- 
ferent batches of immunoliposomes were in the range 
of 2-4 \ig IgG/pmol phospholipid, which corre- 
sponds to approximately 7-15 IgG molecules per lip- 
osome. 

2.5. Quantification of the degree of cell binding 

IFN-y-activated BEAS-2B cells were detached 
from culture flasks with trypsin/EDTA (Gibco) in 
phosphate-buffered salt solution (PBS) for 5 min at 
37°C, pelleted by centrifugation (5 min at 750 Xg) 
and washed once with immunofluorescence (IF) buff- 
er (1% bovine serum albumin and 0.05% sodium 
azide in PBS, pH 7.4). A typical washing step in- 
volved resuspension of cells into 1 ml of indicated 
buffer, followed by centrifugation (5 min at 
750 Xg). Cells (2.5 X10 5 cells for each sample) were 
resuspended in 300 |il of IF buffer containing varying 
concentrations of control liposomes or F10.2 immu- 
noliposomes with entrapped calcein as fluorescent 
label. Cells were incubated in the presence of lipo- 
somes for 1 h on ice, washed three times with IF 
buffer to remove unbound liposomes and resus- 
pended in 300 |il IF buffer before a sample of 50 |al 
was taken (corresponding to 2.5 X 10 4 cells). Samples 
were diluted with 150 |xl of 1% Triton X-100 in PBS 
and incubated for 15 min at room temperature. Solu- 
bilised samples were transferred to a 96-well plate 
and the fluorescence intensity of the sample was 
measured with a LS-50B luminescence spectrometer 
(Perkin Elmer, Beaconsfield, Bucks, UK) with exci- 
tation wavelength set at 490 nm and emission at 
520 nm. A reference curve was constructed from cal- 
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cein-containing F10.2 immunoliposomes with a 
known phospholipid concentration. Background val- 
ue was obtained from solubilised cells without prior 
incubation with liposomes. 

2.6. Cellular internalisation assays 

2.6. L Determination of the amount of cell surface- 
bound immunoliposomes as a function of 
incubation time 
Cell surface-bound F10.2 immunoliposomes were 
determined by indirect immunofluorescence analysis 
as described by Suzuki et al. [38]. In short, IFN-y- 
activated BEAS-2B cells (2xl0 5 ) were detached 
from culture flasks using trypsin/EDTA and 2X10 5 
cells were incubated with F10.2 immunoliposomes 
(0.5 ^mol phospholipid/ml) in a total volume of 
200 nl keratinocyte medium for 60 min on ice. Cells 
were washed twice with ice-cold keratinocyte me- 
dium, resuspended into 300 ^1 medium and cultured 
for 0-3 h at 37°C. Cells were washed once with IF 
buffer and incubated with goat anti-mouse IgG fluo- 
rescently labelled with phycoerythrin (100 fold di- 
luted in IF buffer) for 30 min on ice. After washing 
twice with IF buffer, cells were analysed by flow 
cytometry using a FACscan flow cytometer (Becton 
and Dickinson, Mountain View, CA, USA). The 
procedure above was also performed on formalde- 
hyde-fixed cells (cells were fixed by incubating with 
2% formaldehyde in PBS for 10 min at room temper- 
ature). 

2.6.2. Determination of intracellular calcein 
Detached IFN-y-stimulated BEAS-2B cells were 

incubated with calcein containing F10.2 immunolipo- 
somes as described in Section 2.6.1. After two wash- 
ing steps with ice-cold keratinocyte medium to re- 
move the unbound liposomes, cells were cultured at 
37°C for varying time periods (0-2 h). Hereafter, 
cells were incubated for 10 min in citric acid buffer 
(40 raM citric acid, 120 mM NaCl, pH 3.0), washed 
twice with IF buffer and analysed by flow cytometry 
using a FACscan flow cytometer for cell-associated 
calcein fluorescence. The mean fluorescence intensity 
of 10000 cells was determined for each sample. 

2.6.3. Confocal laser microscopy 

In these experiments, the F10.2 immunoliposomes 



contained encapsulated calcein (90 mM) as a fluores- 
cent aqueous content marker and were labelled with 
rhodamine-PE as a liposomal lipid marker. De- 
tached, IFN-y-stimulated BEAS-2B cells were mixed 
with F10.2 immunoliposomes in keratinocyte me- 
dium on ice as described above (Section 2.6.1). Cells 
were washed once with IF buffer and once with ker- 
atinocyte SFM medium and resuspended into 300 \x\ 
medium. Subsequently, cells were incubated for vary- 
ing time periods (0-60 min) at 37°C Thereafter, cells 
were either washed twice with IF buffer or three 
times with citric acid buffer (pH 3.0) and once with 
IF buffer (pH 7.4). Cells were then fixed with 2% 
formaldehyde in PBS for 1 h on ice and fixed to 
slides. Fixed cells were analysed for fluorescence us- 
ing a laser confocal scanning microscope (Leica TCS 
NT Laser confocal scanning microscope, Heidelberg, 
Germany). By using filters of 525-550 nm and > 590 
nm, rhodamine and calcein fluorescence could be de- 
tected separately. 



3. Results and discussion 

3.1. Quantification of the degree of cell binding 

In a previous study, we have demonstrated that 
F10.2 immunoliposomes are able to specifically 
bind to different cell types expressing ICAM-1. The 
degree of cell binding appeared to be positively cor- 
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Fig. 1. Effect of liposome concentration on the extent of lipo- 
some binding to BEAS-2B cells. INF-y-stirmilated BEAS-2B 
cells (1X10 6 cell/ml) were incubated with F10.2 immunolipo- 
somes ( ) or with control liposomes (O) for 1 h on ice. After 
removal of unbound liposomes, cell-associated calcein fluores- 
cence was determined with a fluorometer (/i = 3). 
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related with the degree of ICAM-1 expression [19]. In 
this study, we have quantified the degree of binding 
of F10.2 immunoliposomes to IFN-y-activated 
BEAS-2B cells. The activated epithelial cells were 
used as a model system to study targeting efficiency 
of F10.2 immunoliposomes to cells with an increased 
expression of ICAM-l as found at sites of inflamma- 
tion. The degree of binding of F10.2 immunolipo- 
somes to IFN-y-stimulated BEAS-2B cells was fluo- 
rometrically determined by analysing cell-associated 
calcein fluorescence after cells were incubated with 
calcein-containing F10.2 immunoliposomes for 1 h 
on ice. Fig. 1 shows that the absolute amount of 
cell-bound immunoliposomes increased with increas- 
ing concentrations of calcein-containing F10.2 immu- 
noliposomes. Control liposomes with the same lipid 
composition but without conjugated F10.2 mAbs 
showed a much lower degree of cell binding. From 
the calcein fluorescence values, the number of bound 
liposomes per cell can be estimated, assuming an 
average of 1.5 phospholipid bilayers per liposome 
and an average size of 200 nm (Fig. 2). At the highest 
concentration of F10.2 immunoliposomes used, ap- 
proximately 15400 liposome particles are estimated 
to be bound per cell. However, at such high concen- 
trations, liposomes without conjugated F10.2 mAbs 



also show considerable cell binding (4200 liposomes 
bound per cell), indicating that at high liposome con- 
centrations part of the cell binding is mediated by 
other interactions than antibody-antigen interaction. 
Therefore, the experiments described below were car- 
ried out with immunoliposome concentrations of 
300-500 nmol phospholipid/ml, at which the binding 
ratio of F10.2 immunoliposome versus control lip- 
osomes is maximal. At these concentrations, approx- 
imately 4000-7000 F10.2 immunoliposomal particles 
were binding per cell as compared to only 200-300 
particles in case of control liposomes. 

3.2. Determination of the amount of cell surface- 
bound F10.2 immunoliposomes as a function of 
incubation time 

Cell surface-bound F10.2 immunoliposomes were 
determined by indirect immunofluorescence analysis 
as a function of incubation time at 37°C Cells were 
incubated with F10.2 immunoliposomes for 1 h on 
ice and after removal of unbound particles, the cells 
were cultured at 37°C for varying time periods before 
analysis by flow cytometry. The amount of immuno- 
liposomes that could be detected on the surface of 
BEAS-2B cells with FITC-conjugated antibodies di- 
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Liposomes added (\xmol PL/ml) 

Fig. 2. Effect of liposome concentration on the number of liposomes bound per cell. IFN-y-stimulated BEAS-2B cells were incubated 
with F10.2 immunoliposomes (black bars) or with control liposomes (white bars) essentially as described in Fig. 1. The exact values 
of the number of bound liposomes are depicted above each bar. Results of a typical experiment are shown. 
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Incubation time at 37°C (min) 

Fig. 3. Determination of cell surface-bound F10.2 immunolipo- 
somes on BEAS-2B cells during prolonged incubation periods 
at 37°C. Intact (•) or formaldehyde-fixed (O) cells (1 X 10 6 /ml) 
were incubated with F10.2 immunoliposomes (500 nmol phos- 
pholipid/ml) for 1 h on ice, washed twice with keratinocyte- 
SFM medium (without serum), and then cultured at 37°C in 
SFM medium for the indicated time periods. Subsequently, cells 
were labelled with phycoerythrin-conjugated goat anti-mouse 
mAbs and analysed by flow cytometry (n = 4). 



rected against the liposome conjugated antibodies 
decreased during prolonged incubation times at 
37°C (Fig. 3). After 1 h incubation at 37°C, 60% of 
the starting amount of cell-bound liposomes had dis- 
appeared from the cell surface. Control experiments 
using cells fixed with formaldehyde prior to liposome 
binding did not show any reduction in the amount of 
cell-bound F 10.2 immunoliposomes, indicating that 
the decrease of cell surface-bound immunoliposomes 
is not caused by dissociation of immunoliposomes 
from the cell surface, but is related to an active cel- 
lular process. This finding strongly suggested that 
F10.2 immunoliposomes are internalised by BEAS- 
2B cells. 

3.3. Calcein release from F10.2 immunoliposomes 
during cellular internalisation 

The next step was to look at the fate of the encap- 
sulated fluorescent marker calcein upon internalisa- 
tion of F10.2 immunoliposomes by BEAS-2B cells. 
Cells were incubated with F10.2 immunoliposomes 
for 1 h on ice and unbound particles were washed 
away. Hereafter, cell-associated calcein fluorescence 
was determined by flow cytometry, either directly or 
after 1 h incubation at 37°C (Fig. 4). The results 
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Cell-associated calcein fluorescence 
Fig. 4. Flow cytometric analysis of cell-associated calcein fluo- 
rescence. BEAS-2B cells were incubated with F10.2 immuno- 
liposomes (500 nmol phospholipid/ml) on ice and unbound lipo- 
somes were removed. Thereafter cells were either directly 
analysed for associated calcein fluorescence (solid line) or after 
1 h incubation at 37°C (dotted line). Autofluorescence of 
BEAS-2B cells is also illustrated (in black). 



show that after 1 h incubation at 37°C, the amount 
of cell-associated calcein fluoresence had increased in 
comparison with the cell-associated calcein fluores- 
cence before the 1 h incubation at 37°C. As calcein 
is encapsulated in the liposomes at a quenching 
concentration (90 mM), an increase of calcein 
fluorescence intensity can be explained as a de- 
quenching effect due to calcein release from the 
liposomes. 

In order to demonstrate that dequenching of cal- 
cein fluorescence is caused by the intracellular release 
of calcein from internalised F10.2 immunoliposomes 
and not merely by extracellular leakage of encapsu- 
lated calcein from cell-bound F10.2 immunolipo- 
somes, an attempt was made to remove the cell- 
bound immunoliposomes by short exposure to low 
pH (10 min at pH 3.0). It is described in the litera- 
ture that such exposure to low pH will liberate im- 
munoliposomes from the cell surface, without dis- 
rupting the cell membrane [39,40]. However, 
confocal laser microscopic analysis showed us that 
acidic exposure of BEAS-2B cells does not result in 
the detachment of bound F10.2 immunoliposomes 
from the cell surface, but rather in release of calcein 
from the cell-bound liposomes (see below, Fig. 
6B,D). Nevertheless, acidic treatment of cells can 
be used to discriminate between immunoliposome- 
encapsulated calcein located at the cell surface from 
internalised immunoliposome-encapsulated calcein as 
this method completely removes immunoliposome- 
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Fig. 5. Flow cytometric analysis of immunoliposome-encapsulated calcein internalisation into BEAS-2B cells. Cells (IxlO 6 cells/ml) 
were incubated with F10.2 immunoliposomes at a concentration of 500 nmol phospholipid/ml for 1 h on ice, washed twice with kera- 
tin ocyte-SFM medium and incubated at 37°C in SFM medium for the indicated time periods. Thereafter, cells were exposed to acidic 
condition (citric acid buffer, pH 3.0) for 10 min and washed twice with IF buffer before flow cytometric analysis (n = 2). 



encapsulated calcein fluorescence located at the cell 
surface. The acid treatment method was used to de- 
termine the degree of intracellular calcein-fluores- 
cence as a function of incubation time at 37°C 
(Fig. 5). For this experiment, cells were pre-incu- 
bated with F10.2 immunoliposomes for 1 h on ice 
to load cells with immunoliposomes. Hereafter, cells 
were cultured at 37°C for varying time periods fol- 
lowed by acid treatment to remove the calcein from 
immunoliposomes located at the cell surface. Fig. 5 
shows that the amount of intracellular calcein fluo- 
rescence increases at increasing incubation times at 
37°C. The observation that cell-associated calcein 
fluorescence decreases after 2 h incubation at 37°C 
may be caused by intracellular compounds that are 
able to quench the calcein fluorescence. For example, 
Fe 2+ ions present in the cell will quench calcein fluo- 
rescence [41]. However, the possibility that calcein 
that is released intracellularly will subsequently leak 
out of the cells cannot be excluded. 



3.4. Confocal laser microscopic analysis of F1Q2 
immunoliposome internalisation and subsequent 
intracellular release of calcein 

We have further analysed the process of liposome 
internalisation by confocal laser microscopy (Fig. 6). 
Cells were incubated with F10.2 immunoliposomes 
containing two fluorescent markers; rhodamine-PE 
as a lipid marker and encapsulated calcein as an 
aqueous marker. After incubation for 1 h at 4°C, 
both calcein fluorescence and rhodamine fluorescence 
were observed associated with the cell membrane 
(Fig. 6A). By superimposing two pictures taken with 
two different filter settings (525-550 nm and > 590 
nm), it can be seen that the liposomal membrane 
marker rhodamine-PE and the aqueous marker cal- 
cein are co-localised as visualised by the yellow fluo- 
rescence. Calcein fluorescence, but not rhodamine 
fluorescence, could be removed from the cell surface 
by exposing the cells for 10 min to pH 3.0 (Fig. 6B). 



Fig. 6. Confocal laser microscopic analysis of the internalisation of F10.2 immunoliposomes containing calcein and rhodamine-PE as 
fluorescent tracers into IFN-y-activated BEAS-2B cells, BEAS-2B cells were incubated with F10.2 immunoliposomes either for 1 h on 
ice (A,B) or for 1 h on ice and subsequently for 1 h at 37°C (C,D). Thereafter, cells were either directly analysed by confocal laser 
microscopy (A,C) or exposed to citric acid buffer (pH 3.0) for 10 min (B,D) before analysis. Used filter settings were 525-550 nm 
(green fluorescence) and > 590 nm (red fluorescence). Superimposed pictures of both filter settings are also illustrated. 
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ABSTRACT 



A method of. delivering an active agent fo a target tissue, 
particularly neoplastic tissue, vascular anomaly or tumor 
tissue, in -a vertebrate subject. The method includes the steps 
of exposing the fin. gel. tissue to ionizing radiation; ami 
ad mi flittering d&l ivory vehicle to the vertebrate subject 
before, «f.K.'.t; chvriug, or com bin a lions thereof, exposing the 
target tissue to the ionizing radiation. The delivery vehicle 
hi eludes, the active agent a rid -delivers the agent to the target 
tissue. texr.mptery dftHvery vehicles include platelets; leu- 
kocytes; proteins or peptides which bind activated platelets; 
antibodies which bind activated platelets; microspheres 
coated with proteins or peptides which bind activated plate- 
lets; liposomes conjugated to platelets, leukocytes* proteins 
or peptides which bind activated platelets, or antibodies 
which bind activated platelets; and combinations thereof. 

104 Claims, No Drawings 
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X-RAY GUIDED DRUG DELIVERY 

GRANT STAfEMENT 

This invention was made in part from government support 
under Grant Nos. CA70937 and CA58508 from the National 
Institute of Health. Thus, the U.S. Government has certain 
rights in the invention. 

TECHNICAL FIELD 

The present invention relates to a method for selective in 
vivo delivery of therapeutic or imaging agents. More 
particularly, the present invention relates to method for 
selective in vivo delivery of therapeutic or imaging agents 
using ionizing radiation as a guide for the selective delivery. 

TABLE OF ABBREVIATIONS 

AcNPV — Autograph calif ornica nuclear polyhidrosis virus 

AVM — arteriovenous malformation(s) 

BPR — bovine pancreatic ribonuclease 

CAM — cell adhesion molecule 

CaMV — Cauliflower mosaic virus 

cGy — centiGray 

Gy— Gray 

CD62P — P-selectin 

CD63 — cell adhesion molecule 63 

CT — computed tomography 

DDAVP- — depoprovera 

DT — diphtheria toxin 

ELISA — enzyme linked immunosorbent assay 
GEL — gelonin 

GP-IIb — platelet membrane glycoprotein lib 
GP-IIIa — platelet membrane glycoprotein HIa 
GST — glutathione S-transferase 
h or hr — hour(s) 

HUVEC — human umbilical vein endothelial cells 
IL-8 — interIeukin-8 
keV — kiloelectron volts 
kV— kilovolt(s) 
min — minutc(s) 

MRI — nuclear magnetic resonance imaging 

MV — megavolt(s) 

nM — nanomoles 

PBS — phosphate buffered saline 

PPP — platelet poor plasma 

PRP — platelet rich plasma 

PAP— poke weed antiviral protein 

PE — Pseudomonas exotoxin 

PET — positron emission tomography 

RES — reticular endothelial system 

RSVE — reconstituted Sendai virus envelopes 

SAP — saporin 

SM PT — 4-succinimidyloxycarbonyl-methy l-(2- 

pyridyldithio)-toluenc 
SPDP — N-succinimidyl-3-(2-pyridyldithio)propionate 
SPECT — single photon emission computed tomography 
TMV — Tobacco mosaic virus 
WPB— Wcibcl-Paladc body 

BACKGROUND ART 

Ionizing radiation has been used to attenuate bleeding 
from tumors for the past three decades. See G. H. Fletcher, 
Textbook of Radiotherapy. Philadelphia, Lxia and Fcbigcr 
(1975). The primary examples of this use arc in the treatment 
of monorrhagia from cervical carcinoma, hemoptysis from 
lung cancer and gastrointestinal bleeding from rectal and 
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gastric carcinomas. The dose that is recommended to control 
bleeding from tumors is 400 to 500 cGy/fraction given for 
three consecutive days, as described by G. II. Hetchcr, 
Textbook of Radiotherapy, Philadelphia, Lea and Febigcr 

5 (1975) and by A. M. Markoc, Radiation Oncologic 
Emergencies, in Principles and Practice of Radiation 
Oncology 1267-1270 (1987). However, the efficacy of this 
regimen is not well documented. Moreover, the mechanism 
of radiation-induced control of bleeding is unknown. 

10 Currently practiced methods of tumor specific drug deliv- 
ery involve the use of antibody conjugates to liposomes and 
viral vectors. These melhods are specific for tumor .subtype 
or are nonspecific in localization. These limitations are 
significant in that, on the one hand, only certain types of 

15 tumors may be treated and, on the other hand, nonspecific 
localization produces undesirable collateral damage to oth- 
erwise healthy tissue. 

Techniques lor loading platelets have been disclosed in 
the art. For example, U.S. Pat. No. 5,292,524 issued to Male 

20 ct al. on Mar. 8, 1994 discloses the preparation of loaded 
blood platelets which include a loading vehicle selected 
from the group consisting of liposomes and reconstituted 
Sendai virus envelopes. A diagnostic or therapeutic agent is 
encapsulated within the loading vehicle. However, there is 

25 no disclosure of a targeting technique for the loaded plate- 
lets. 

U.S. Pat. No. 5328,840 issued Jul. 12, 1994 to Coller 
discloses a method for preparing a targeted carrier erythro- 
3Q cyte by conjugating the erythrocyte with a particular 
polypeptide sequence. Thus, the targeting technique dis- 
closed in Coller involves a complicated conjugation reac- 
tion. 

In view of the shortcomings of the aforementioned 
35 techniques, there remains significant need in the field for 
advances in the tissue-selective delivery of therapeutic and 
imaging agents. Moreover, there remains a substantial need 
in the art for an improved method for the selective delivery 
of therapeutic or imaging agents to neoplastic tissue. Indeed, 
^ a particularly desirable method would provide for the spe- 
cific delivery of a therapeutic or imaging agent to a wide 
variety of neoplasms while at the same time would maintain 
specificity for neoplastic tissue. Such a method is currently 
not available in the art. 

45 DISCLOSURE OF THE INVENTION 

A method of targeting a tissue in a vertebrate subject for 
delivery of an active agent is disclosed. The method com- 
prises the step of exposing the tissue to ionizing radiation 
5Q before, after, during, or combinations thereof, administration 
of a delivery vehicle comprising the active agent to the 
vertebrate subject. 

A method of delivering an active agent to a target tissue 
in a vertebrate subject is also disclosed. The method com- 
5 5 prises the steps of exposing the target tissue to ionizing 
radiation; and administering a delivery vehicle to the ver- 
tebrate subject before, after, during, or combinations thereof, 
exposing the target tissue to the ionizing radiation, the 
delivery vehicle comprising the active agent, whereby the 
60 delivery vehicle aggregates in the target tissue to thereby 
deliver the agent to the target tissue. 

Neoplasms and vascular anomalies comprise examples of 
target tissues. Therapeutic and imaging agents are particu- 
larly contemplated active agents. Thus, a method of treating 
65 a neoplasm in a vertebrate subject is also disclosed herein. 

It is therefore an object of the present invention to provide 
an improved method for selectively delivering an active 
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agent lo a target tissue, and particularly to neoplastic tissue The term "therapeutic agent" is meant to refer to any 

or vascular anomaly, in a vertebrate subject. agent having a therapeutic effect, including but not limited 

It is another object of the present invention to provide a to chemothcrapcutics, toxins, radiotherapeutics, or radiosen- 

mclhod for delivering an active agent to a neoplasm in a sitizing agents. 

vertebrate subject which is applicable to a wide variety of 5 The term "chemothcrapeutic" is meant to refer to com- 

neoplasms. pounds that, when contacted with and/or incorporated into a 

It is a further object of the present invention to provide a ccl1 * Produce an effect on the cell, including causing the 

method for selectively delivering an active agent to a death of the cell, inhibiting cell division or inducing diffcr- 

neoplasm in a vertebrate subject which provides for the cntiation. 

selective delivery of the active agent using a noninvasive 10 l*he term "toxin" is meant to refer to compounds that, 

targeting step. when contacted with and/or incorporated into a cell, produce 

Some of the objects of the invention having been stated tne death of the cell. 

hereinabove, other objects will become evident as the term "radiotherapeutic" is meant to refer to radionu- 

description proceeds, when taken in connection with the J5 elides which when contacted with and/or incorporated into 

accompanying Examples as best described hereinbclow. a produce the death of the cell. 

The term "radiosensitizing agent" is meant to refer to 

DETAILED DESCRIPTION OF THE agents which increase the susceptibility of cells to the 

INVENTION damaging effects of ionizing radiation or which become 

r»- i j l * • »u. ■ u , L . i . more lox * c to a a ftor exposure of the cell to ionizing 

Disclosed herein is the surprising observation that plate- 20 # . A -.■ * . . , , % 

, t . • *. i * j j.- ) radiation. A radiosensitizing agent permits lower doses of 

lets aggregate in tumor vessels in a dose and time dependent . u a 5 a *n -j . L 

t .u * j- . » • • • • • j . . radiation to be administered and still provide a thcrapcuti- 

manncr when the tumor is irradiated with ionizing radiation, c ^ effective dose 

such as X-radiation. A method for delivering an active agent ~Z „. 

to a taiget tissue, such as tumor tissue or other neoplastic J** ^ ' ma g in g a S ent * meant to refer to compounds 

tissue, using a delivery vehicle comprising the active agent, 25 

and using ionizing radiation to target the tissue of interest is ^ lerm "neoplasm" is meant to refer to an abnormal 

thus contemplated in accordance with the present invention. mass of tlSRUe or ceILs " ^ & owih of these tLssues or <* n * 

.. , A . , exceeds and is uncoordinated with that of the normal tissues 

Also disclosed herein is the surprising observation that „ . - „ . r 

r ,, 11 iu - i i 7» i • i t or cclls ancI persists in the same excessive manner after 

expression or the cell adhesion molecule F-selectin is local- r H ... i . «. . „, 

. , • 11 f( , , . iU 30 cessation of the stimuli which evoked the change, iliese 

ized m the vascular lumen of tumor blood vessels when the M i ,* u L . i r . . i 

. . . . . neoplastic tissues or cells show a lack of structural organi- 

tumor is uradiated. 1ms observation was made m a wide ,. . , ... & „ 

f . A ... , .. t , . -u.u zation and coordmaUon relative to normal tissues or cells 

variety of tumors^ Although applicant does no wtsh to be which ^ ^ . a ^ ljssues Qf which 

bound by any particular theory of operation, u « conten,- be ekber beni or fflali Contemplated neoplasms thus 

plated that P-se lectin mediates platelet aggregation in irra- - i j n <- * . • .\ . , 

a- ■* a ui a i 35 include all forms of cancer, benign intracranial neoplasms, 

diated tumor blood vessels. Ji . . , , , , i L • \ c 

and aberrant blood vessels such as arteriovenous malforma- 

While the following terms are believed to be well under- ( A VM), angiomas, macular degeneration, and other 

stood by one of ordinary skill in the art, the following such vascular anomalies. As would be apparent to one of 

definitions are set forth to facilitate explanation of the ordinary skiff in the art, the term "tumor" typically refers to 

invention. ^ a i ar g er neoplastic mass. 

The term "ionizing radiation" is meant to refer to any As used herein, neoplasm includes any neoplasm, includ- 

radiation where a nuclear particle has sufficient energy to mg particularly all forms of cancer. This includes, but is not 

remove an electron or other particle from an atom or limited to, melanoma, adenocarcinoma, malignant glioma, 

molecule, thus producing an ion and a free electron or other prostatic carcinoma, kidney carcinoma, bladder carcinoma, 

particle. Examples of such ionizing radiation include, but are 45 pancreatic carcinoma, thyroid carcinoma, lung carcinoma, 

not limited to, gamma rays, X-rays, protons, electrons and colon carcinoma, rectal carcinoma, brain carcinoma, liver 

alpha particles. Ionizing radiation is commonly used in carcinoma, breast carcinoma, ovary carcinoma, and the like, 

medical radiotherapy and the speciQc techniques for such This also includes, but is not limited to, solid tumors, solid 

treatment will be apparent to a skilled practitioner in the art. tumor metastases, angiofibromas, retrolental fibroplasia, 

, The term "delivery vehicle" as used herein is meant to 50 hemangiomas, Karposi's sarcoma and the like cancers 

refer to any cell, molecule, peptide, conjugate, article or which require neovascularization to support tumor growth, 

other vehicle as would be appreciated by one of ordinary The phrase "treating a neoplasm" includes, but is not 

skill in the art after reviewing the disclosure of the present limited to, halting the growth of the neoplasm, killing the 

application that can be used to carry an active agent to a neoplasm, reducing the size of the neoplasm, or obliterating 

target tissue in accordance with the present invention. A 55 a neoplasm comprising a vascular anomaly. Halting the 

particularly contemplated delivery vehicle is characterized growth of the neoplasm refers to halting any increase in the 

by an ability to preferentially bind activated platelets. More size of the neoplasm or the neoplastic cells, or hailing the 

particularly, contemplated delivery vehicles include, but are division of the neoplasm or the neoplastic cells. Reducing 

not limited to, platelets; leukocytes; proteins or peptides the size of the neoplasm relates to reducing the size of the 

which bind activated platelets; antibodies which bind acti- 60 neoplasm or the neoplastic cells. 

vated platelets; microspheres mated with proteins or pep- The term "subject" as used herein refers to any target of 

tides which bind activated platelets; liposomes conjugated to the treatment. Also provided bv the present invention is a 

platelets, leukocytes, proteins or peptides which bind acti- method of treating neoplastic cells which were grown in 

vated platelets, or antibodies which bind activated platelets; tissue culture. Also provided by the present invention Is a 

and combinations thereof. 65 method of treating neoplastic cells in situ, or in their normal 

I ne term "active agent" Is meant to refer to compounds position or location, for example, neoplastic cells of breast 

that are therapeutic agents or imaging agents. or prostate tumors. These in situ neoplasms can be located 
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within or on a wide variety of hosts; for example, human is not a tumor or species-specific event. There was no 

hosts, canine hosts, feline hosts, equine hosts, bovine hosts, increase in P-sclcctin staining at 1 Gy but efficient localiza- 

porcinc hosts, and the like. Any host in which is found a lion occurred with 2, 4, 10 and 20 Gy. P-sc lectin staining of 

neoplasm or neoplastic cells can be treated and is accor- tumors increased over 24 hours following 10 Gy but not 2 

dance with the present invention. 5 Gy. 

The terms "pharmaceutical^ acceptable", "physiotogi- ^ radiation-induced increase in P-selcctin was shown to 

cally tolerable" and grammatical variations thereof, as they resuIt »° P'fjf lcl ^.f, 1 . 1 . 0 "' ^™nphBtochemica) studies 

refer to compositions, carriers, diluents and reagents, are u f in & t GP " Ib ™* GP-IHa revealed the P-se lectin is of 

used interchangeably and represent that the materials are P 1 ** f > no endothelial, origin. Using anu-GP-IIb and anti- 

r . • • . . u . i - GP-HIa antibodies there was increased staining 6 and 24 

capable of administration to or upon a vertebrate subject 10 . Ct .. .. A . . , .. • • n 

, , <• . ■ Li i_ • i ■ « «• . hours alter radiation. Animal studies using lmmunoUuores- 

without the production of undesirable physiological effects QCn{ ^ of |cs d t monslrated that 

such as nausea, dizziness, gastric upset and the like. radiation-induced platelet aggregation occurs in tissues thai 

A. General Considerations express P-selectin such as lung, colon, small intestine and 

Wcibel-Palade bodies contain several proteins and pro- tumors, whereas, it is absent in tissues such as brain, lung 

teoglycans that initiate thrombosis and inflammation. These 15 anc j kidney where there is an absence of P-scIectin. 

include P-selectin, von Willebrand factor, Il>-8 and C063, Animal studies have also shown that radiation-induced 

To determine whether x-rays produce exocytosis of Weibel- platelet aggregation occurs in tumor cells but not in sur- 

Palade bodies (WPB), the vasculature within the mouse rounding P-selectin deficient normal tissue. Therefore, the 

thorax was irradiated and immunohistochemistry for method of the present invention contemplates the selective 

P-se lectin was performed. Rapid exocytosis of WPB was 20 targeting of tumors by delivering radiation to target tumors 

observed within 30 minutes of X-irradiation. HUVEC to induce platelet aggregation in tumors and using delivery 

endothelial cells were utilized to study the mechanisms of vehicles which bind activated platelets to carry active agents 

radiation-mediated WPB exocytosis in vitro. Exocytosis was to the tumor while sparing surrounding normal tissue. In 

most efficient at 2 to 5 Gy, whereas higher doses cause accordance with the present invention, then, the use of 

apoptosis in endothelial cells which interferes with exocy- 25 radiation to control cellular adhesion molecules involved in 

tosis. tumor growth is a unique approach to the treatment of 

P-selectin is a cell adhesion molecule that is sequestered neoplasms, 

in storage reservoirs within the vascular endothelium and To determine whether radiation-induced vascular lumen 

alpha granules in platelets. P-selectin is rapidly translocated localization of P-selectin was tumor type-specific or species- 

to the vascular lumen after tissue injury to initiate the 30 specific, tumors in rats, C3H mice, C57BL6 mice, and nude 

adhesion and activation of platelets and leukocytes. The mice were studied. P-sclcctin localization to the vascular 

histologic pattern of P-sclcctin expression in irradiated lumen was present in all tumors and all species studied, 

tumor blood vessels was studied. Irradiated intracranial gliomas showed P-selectin localiza- 

GP-IIb and GP-HIa are platelet antigens that are not found tion to the vascular lumen within one hour, whereas blood 
in the vascular endothelium. Anti-GP-IIb and anti-GP-IIIa 35 vessels in normal brain showed no P-selectin staining in the 
antibodies were utilized to determine whether the time- endothelium and no localization to the irradiated vascular 
dependent increase in P-selectin staining is due to platelet lumen. Thus, radiation-induced localization of P-selectin to 
aggregation . I^ewis lung carcinoma tumors in C57BL6 mice the vascular lumen is specific to the micro vasculature of 
were irradiated and stained with anti-GP-IIb and anti-GP- malignant gliomas and is not present in blood vessels of the 
Ilia antibodies. Little GP-Ilb or GP-IIIa staining was 40 irradiated normal brain. Radiation-induced P-selectin local- 
observed in blood vessels at 1 hour following irradiation. ization to the vascular lumen increased in time-dependent 
However, GP-IIb and GP-IIIa staining increased at 6 and 24 manner, until 24 hours after irradiation. Thus, the method of 
hours following irradiation. These findings indicate that the. the present invention is contemplated to be applicable for the 
increased P-selectin staining within the vascular lumen of delivery of active agents to a broad spectrum of tumor and 
irradiated tumors was, in part, due to platelet aggregation. 45 other neoplastic tissues. 

To verify that platelet aggregation was present in these B. Ionizing Radiation Therapy 

irradiated blood vessels, tissue sections were stained with In accordance with the present invention, ionizing radia- 

anti-GP-IIb and anti-GPIIIa antibodies that stained the plate- tion is used to target tissues or cells, such as neoplastic 

lets. No P-sclcclin, GP-IIb, or GP-IIIa staining was observed tissues or cells, for selective delivery of an active agent via 

in the brain or kidney, but P-selcctin, GP-IIb, and GP-IIIa 50 a delivery vehicle comprising the active agent. Thus, the 

staining were present in the irradiated lung, intestine and target tissues or cells arc exposed to ionizing radiation, and 

tumor vessels. The P-selectin knockout mouse was used to a delivery vehicle comprising the active agent are adminis- 

study the correlation between platelet aggregation (i.e. tered before, after, during, or combinations thereof, the 

GPlIb or GP-IIIa accumulation) and P-selectin staining in exposure. Examples of such ionizing radiation include, but 

the vascular endothelium. The GP-IIb and GP-IIIa staining 55 arc not limited to, gamma rays, X-rays, protons, electrons 

was not localized to the lumen of irradiated blood vessels in and alpha particles. Ionizing radiation is commonly used in 

the knockout mouse, but exlravasated into the irradiated medical radiotherapy and the specific techniques for such 

lung, intestine and tumors. Red blood cells also exlravasated treatment will be apparent to one of ordinary skill in the art. 

from irradiated tissues, llierefore, P-selcctin accumulation By way of particular example, the following ionizing 

in irradiated blood vessels correlated with maintenance of 60 radiation dosage ranges are utilized: about 0.1 to about 50 

the barrier function of the endothelium, and knockout of the Gy, preferably about 2 to about 30 Gy, more preferably 

P-sc led in gene leads to extravasation of platelets and red about 4 to about 25 Gy, and still more preferably about 10 

blood cells. to about 20 Gy. Particularly contemplated dosage amounts 

Animal studies using rats demonstrated that P-selcctin is include, but are not limited to, 0.4 (or 40 cGY), 1, 2, 4, 10 

localized within the endothelium of tumor blood vessels 65 and 20 Gy. 

prior to irradiation. One to six hours following irradiation, In an embodiment of the present invention contemplated 

P-selectin is mobilized to the lumen of the blood vessel. This to be particularly applicable to human subjects, the source of 
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ioni/ing radiation comprises an external beam photon irra- 
diation source, which is typically utilized at energy levels 
ranging from about 4 to about 18 MV per photon beam. 
Appropriate blocks, wedges, and bolus are used to deliver 
adequate dose to the planned target volume of target tissue. 
A preferred minimum source-axis distance comprises about 
80 cm. The subject receives local-regional irradiation via 
fields that arc designed to encompass sites of disease requir- 
ing palliation or primary treatment. All fields are treated 
daily. 

Study, site, treatment intent and normal tissue consider- 
ations arc also contemplated in the determination of dose. 
Examples of preferred dosages ranges arc as follows. For an 
ionizing radiation dose that is administered in 1 fraction, a 
preferred dosage range comprises about 500 to about 1500 
cGy, with a preferred dosage range comprising about 800 to 
about 1200 cGy. For an ionizing radiation dose that is 
administered in 5 fractions, a preferred dosage range com- 
prises about 1000 to about 3000 cGy, with a preferred 
dosage range comprising about 1500 to about 2500 cGy, and 
with a more preferred dosage amount comprising about 
2000 cGy. For an ionizing radiation dose that is administered 
in 10 fractions, a preferred dosage range comprises about 
1000 to about 6000 cGy, with a preferred dosage range 
comprising about 2000 to about 4000 cGy, and with a more 
preferred dosage amount comprising about 3000 cGy. 

For an ionizing radiation dose that is administered in 15 
fractions, a preferred dosage range comprises about 1000 to 
about 7000 cGy, with a preferred dosage range comprising 
about 2000 to about 5000 cGy, and with a more preferred 
dosage amount comprising about 3500 CGy. For an ionizing 
radiation dose that is administered in 30 fractions, a pre- 
ferred dosage range comprises about 2000 to about 12000 
cGy, with a preferred dosage range comprising about 4000 
to about 8000 cGy, and with a more preferred dosage 
amount comprising about 6000 cGy. 
C. Preparation of Delivery Vehicles Comprising Active 
Agents 

Methods for the production of the delivery vehicles 
comprising active agents in accordance with the present 
invention are described herein. For example, delivery 
vehicles, such as cells, peptides, proteins and antibodies, of 
the invention may be linked, or operatively attached, to the 
active agents of the invention by crosslinking or by recom- 
binant DNA techniques. 

Preferred delivery vehicles preferentially bind activated 
platelets. More preferably, contemplated delivery vehicles 
comprise proteins or peptides which bind activated platelets; 
antibodies which bind activated platelets; microspheres 
coated with proteins or peptides which bind activated plate- 
lets; liposomes conjugated to proteins or peptides which 
bind activated platelets, or antibodies which bind activated 
platelets; and combinations thereof. 

Thus, preferred protein or peptide delivery vehicles pref- 
erentially bind activated platelets. Many such proteins or 
peptides are known in the art, and are contemplated for use 
in accordance with the present invention. For example, a 
peptide sold under the registered trademark APCITIDE® by 
Diatide, Inc., of Londonderry, N.H. is a peptide that binds to 
GPUb/lIla on activated platelets, as described by Taillefer, 
J., Nuci Med. 38:5 (1997). As is well-known in the art, 
fibrinogen preferentially binds activated platelets. Fibrino- 
gen and apcitidc thus comprise peptide delivery vehicles in 
accordance with the present invention. 

Art-recognized bio-compatible particles, such as micro- 
spheres or liposomes, arc also contemplated for use as 
delivery vehicles. Such particles are adapted for preferential 
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binding to activated platelets, such as by conjugating, coal- 
ing or otherwise adhering the particles with or to a peptide 
or antibody that preferentially binds activated platelets. For 
example, fibrinogen -coated microspheres (available as 

5 thrombosphcres from I Iemosphere, Inc., Irvine, Calif.) bind 
to GPIIb on activated platelets with little binding to the 
reticular endothelial system (RES) or other organs. These 
microspheres comprise preferred delivery vehicles and are 
conjugated to active agents in accordance with techniques 

10 described immediately below and in the Examples. 

Following platelet activation, several antigens are 
expressed on the surface of platelets. Antibodies arc conju- 
gated to radionuclides, cytotoxic agents, gene therapy vec- 
tors and liposomes for use as delivery vehicles in accordance 

15 with the present invention. Antibody delivery vehicles may 
be mono-specific, bi-specific or multi-specific. That is, the 
antibodies may include sites which bind activated platelets 
and which bind an active agent, such as a gene therapy 
vector, preferably a viral gene therapy vector. Preferred 

20 antibodies comprise anti-P-se lectin, anti-GP-IIb, and anti- 
GP-IIIa antibodies. 

Contemplated antibodies may be polygonal antibodies but 
are preferably monoclonal antibodies. Preparation tech- 
niques for both polyclonal and monoclonal antibodies are 

25 well-known in the art and as such, are not discussed in detail 
herein. See, e.g., Kohler and Milstein, Nature 256:495-497 
(1975); Zola, Monoclonal Antibodies: a Manual of 
Techniques, CRC Press, Inc. (1987). Further, as would be 
understood by one of ordinary skill in the art, the phrase 

30 "monoclonal antibody" in its various grammatical forms 
refers to a population of antibody molecules that contain 
only one species of antibody combining site capable of 
immunoreacting with a particular epitope. A monoclonal 
antibody thus typically displays a single binding affinity for 

35 any epitope with which it immunoreacts. A monoclonal 
antibody may therefore contain an antibody molecule having 
a plurality of antibody combining sites, each immunospe- 
cific for a different epitope, e.g., a blspecific monoclonal 
antibody. 

40 While several suitable techniques for conjugating moi- 
eties to peptides and antibodies, in general, are well known 
in the art (see e.g., U.S. Pat. Nos. 4,340,535 and 5,776,427, 
and EP 44167, each of which incorporated herein by 
reference), certain advantages may be achieved through the 

45 application of certain preferred technology, both in the 
preparation of peptide and antibody delivery vehicles com- 
prising active agents and in their purification for subsequent 
clinical administration. For example, while numerous types 
of disulfide- bond containing linkers arc known which can 

50 successfully be employed to conjugate the active agent with 
the delivery vehicle, certain linkers will generally be pre- 
ferred over other linkers, based on differing pharmacologic 
characteristics and capabilities. For example, linkers that 
contain a disulfide bond that is sterically "hindered" are to 

55 be preferred, due to their greater stability in vivo, thus 
preventing release of the active agent prior to binding at the 
site of action. 

In cases where a releasable active agent is contemplated, 
one desires to have a conjugate that will remain intact under 

60 conditions found everywhere in the body except the 
intended site of action, at which point it is desirable that the 
conjugate have good "release" characteristics. Therefore, the 
particular cross-linking scheme, including the particular 
cross-linking reagent used and the structures that arc cross- 

65 linked, will be of some significance. 

Cross- linking reagents are used to form molecular bridges 
that tie together functional groups of two different proteins 
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(e.g., a active agent and a delivery vehicle), 'lb link two poralion of Ardsley, N.Y. and agarose, which has been found 
different proteins in a step-wLse manner, heterob afunctional to be useful in the purification of immunoconjugates 
cross-linkers can be used which eliminate the unwanted (Knowlcs & Thorpe, Anal, Biochem. 120:440-443(1987)). 
homopolymer formation. An exemplary heterobi functional The use of BLUE-SEPHAROSE® column matrix combines 
cross-linker contains two reactive groups: one reacting with 5 the properties of ion exchange with active agent binding to 
primary amine group (e.g., N-hydroxy succinimide) and the provide good separation of conjugated active agent from 
other reacting with a thiol group (e.g., pyridyl disulfide, non-conjugated active agent. The BLUE-SEPHAROSE® 
malcimidcs, halogens, etc.). Through the primary amine column matrix allows the elimination of the free (non- 
reactive group, the cross-linker may react with the lysine conjugated) delivery vehicle (e.g., the antibody or fragment) 
rcsidue(s) of one protein (e.g., the selected antibody or to from the conjugate preparation. To eliminate the free (non- 
fragment) and through the thiol reactive group, the cross- conjugated) active agent a molecular exclusion chromatog- 
linkcr, already tied up to the first protein, reacts with the raphy step is preferred using cither conventional gel filtra- 
cystcinc residue (free sulfliydryl group) of the other protein. tion procedure or high performance liquid chromatography. 
Useful hcterobifunctional crosslinking agents include Alternatively, one may find that the application of recom- 
4-succinimidyloxycarbonyl-methyl-(2-pyridyldithio)- 15 binant DNA technology to the active agent moiety will 
toluene (SMPT) or N-succinimidyl-3-(2-pyridyIdithio) provide additional significant, benefits in accordance the 
propionate (SPDP), both of which can be obtained from invention. For example, the cloning and expression of active 
Pierce, Rockland, 111. agent candidates, particularly toxin candidates, has now 

The spacer arm between these two reactive groups of any been described through the publications of others (O'Hare et 

cross-linkers may have various length and chemical com- 20 al., FEBS Lett 210:731 (1987); Lamb et al., Eur J ml 

position. A longer spacer arm allows a better flexibility of Biochem 148:265-270(1985); Hailing et A.,Nucl Acids Res 

the conjugate components while some particular compo- 13:8019-8033 (1985)), it is now possible to identify and 

nents in the bridge (e.g., benzene group) may lend extra prepare smaller or otherwise variant peptides which never- 

stability to the reactive group or an increased resistance of tbeless exhibit an appropriate active agent activity, 

the chemical link to the action of various aspects (e.g., 25 Moreover, the use of cloned active agent candidates allows 

disulfide bond resistant to reducing agents). the application of site -directed mutagenesis, through which 

An exemplary cross- linking reagent is SMPT, which is a one can readily prepare and screen for mutated peptides and 

bifunctional cross-linker containing a disulfide bond that is obtain additional useful moieties for use in connection with 

"sterically hindered" by an adjacent benzene ring and the present invention. 

methyl groups. It is believed that stearic hindrance of the 30 Standard recombinant DNA techniques that are well 

disulfide bond serves a function of protecting the bond from known to those of skill in the art may be utilized to express 

attack by thiolatc anions such as glutathione which can be nucleic acids encoding the delivery vehicle/active agent 

present in tissues and blood, and thereby help in preventing compounds of the invention. These methods include, for 

decoupling of the conjugate prior to its delivery to the site example, in vitro recombinant DNA techniques, synthetic 

of action by the binding agent. The SMPT cross-linking 35 • techniques and in vivo recombination/genetic recombina- 

reagent, as with many other known cross-linking reagents, tion. DNA and RNA synthesis may, additionally, be per- 

Iends the ability to cross-link functional groups such as the formed using an automated synthesizers (see, for example, 

SH of cysteine or primary amines (e.g., the epsilon amino the techniques described in Sambrook et al., Molecular 

group of lysine). Another possible type of cross-linker Cloning, A Laboratory Manual, Cold Spring Harbor 

includes the heterobifunctional photo reactive phenylazides 40 Laboratory, N.Y. (1989); and Ausubel et al., Current Fro- 

containing a cleavable disulfide bond such as tocols in Molecular Biology, Greene Publishing Associates 

sulfosuccinimidyl-2-(p-azido salicylamido) ethyl-1,3'- and Wiley Interscience, N.Y. (1989). 

dithiopropionate. The N-hydroxy-succinimidyl group reacts When produced via recombinant DNA techniques such as 

with primary amino groups and the phenylazide (upon those described herein, the delivery vehicle/active agent 

photolysis) reacts non-selective ly with any amino acid resi- 45 compounds of the invention may be referred to herein as 

due. "fusion proteins". It is to be understood that such fusion 

Although the "hindered" cross- linkers will generally be proteins contain at least a delivery vehicle and an active 
preferred in the practice of the invention, non-hindered agent operatively attached, such that the fusion protein may 
linkers can be employed and advantages in accordance be used in accordance with the methods of the present 
herewith nevertheless realized. Other useful cross-linkers, 50 invention. The fusion proteins may also include additional 
not considered to contain or generate a protected disulfide, peptide sequences, such as peptide spacers which opera- 
include SATA, SPDP and 2-iminothiolane (Thorpe et al., lively attach the delivery vehicle and active agent, as long as 
Cancer Res. 47:5924-5931 (1987)). The use of such cross- such additional sequences do not appreciably affect the 
linkers is well understood in the art. delivery or active agent activities of the fusion protein. 

Once conjugated, it will be important to purify the con- 55 Depending on the specific active agent used as part of the 
jugate so as to remove contaminants such as unconjugated fusion protein, it may be necessary to provide a peptide 
active agent or delivery vehicle. Il is important to remove spacer operatively attaching the delivery vehicle and the 
unconjugated delivery vehicle to reduce undesired toxicity active agent compound which is capable of folding into a 
and to avoid the possibility of competition for binding sites disul fide-bonded loop structure. Proteolytic cleavage within 
in the target tissue between conjugated and unconjugated 60 the loop would then yield a heterodimeric polypeptide 
species. In general, the most preferred purification technique wherein the delivery vehicle and the active agent compound 
will incorporate the use of a column matrix sold under the arc linked by only a single disulfide bond. See e.g., Lord et 
registered trademark BLUE-SEPHAROSE® by Pharmacia, al., in Genetically Engineered Active Agents (Ed. A. frank, 
Inc., of Piscataway, N.J. with a gel filtration or gel pcrmc- M. Dckker Publ., p. 183) (1992). An example of such a 
ation step. The BLUE-SEPHAROSE® column matrix Ls a 65 active agent Ls a Ricin A-chain toxin, 
column matrix composed of a dye sold under the registered When certain other active agents are utilized, a non- 
trademark CIBACRON® BLUE 30 A by Ciba Cieigy Cor- cleavable peptide spacer may be provided to operatively 
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attach the delivery vehicle and the active agent of the fusion genes. The virus grows in Spodoptcra frugiperda cells. r l rie 

protein. Active agents which may be used in conjunction delivery vehicle/active agent coding sequences may be 

with non-cicavablc peptide spacers arc those which may, cloned into non-essential regions (for example the polyhe- 

themselves, be converted by proteolytic cleavage, into a dr j n genc ) Q f lhc virus and pIaccd under contro i G f an 

cytotoxic disulfide-bondcd form (sec e.g., Ogata et al., J. s AcNPV promoter (for example the polyhcdrin promoter). 

Biol Chem. 256:20678-20685(1990)). An example of such Successful insertion of the delivery vehicle/active agent 

an active agent is a Pseudomonas exotoxin compound. codi sequences will result in inactivation of the polyhc- 

Nucleic acids that may be utilized herein comprise nucleic dfin and duction of noMccIlldcd recombinant vims 

acid sequences that encode a delivery vehicle of interest and i.JT- ,u . * j j r L .i_ 

nucleTacid sequences that encode a active agent of interest. ft 0 1\. ™ P™*™™™ coded for by the 

Such delivery vehicle-encoding and active agent^ncoding 10 f 0 ^™ S e " e >- ^ recombinant viruses are then used 

nucleic acid sequences are attached in a manner such that t0 mfecl s P° d °P*e™ f™&P erda c ^ « which the inserted 

translation of the nucleic acid yields the delivery vehicle/ S cnc ' s cx P rcsscd e.g., Smith ct al., 7. VtroL 46:584 

active agent composition of the invention. (1983); U.S. Pat. No. 4,215,051). 

Standard techniques, such as those described above may la mammalian host cells, a number of viral based expres- 
be used to construct expression vectors containing the 15 f ion systems may be utilized. In cases where an adenovirus 
above-described nucleic acids and appropriate is used as an expression vector, the delivery vehicle/active 
transcriptional/translationai control sequences. A variety of agent coding sequences may be ligated to an adenovirus 
host-expression vector systems may be utilized. These transcription/translation control complex, e.g., the late pro- 
include but are not limited to microorganisms such as moter and tripartite leader sequence. This chimeric gene 
bacteria (e.g., E. coli, B. subtilis) transformed with recom- 20 may then be inserted in the adenovirus genome by in vitro 
binant bacteriophage ONA, plasmid DNA or cosmid DNA or in vivo recombination. Insertion in a non-essential region 
expression vectors containing delivery vehicle/active agent of the viral genome (e.g., region El or H3) will result in a 
coding sequences; yeast (e.g., Saccharomyces, Pichia) trans- recombinant virus that is viable and capable of expressing 
formed with recombinant yeast expression vectors contain- delivery vehicle/active agent proteins in infected hosts (see 
ing delivery vehicle/active agent coding sequences; insect 25 e.g., Logan et al., Pwc. Natl Acad Sci USA 81:3655-3659 
cell systems infected with recombinant virus expression (1984)). Specific initiation signals may also be required for 
vectors (e.g., baculovirus) containing the delivery vehicle/ efficient translation of inserted delivery vehicle/active agent 
active agent coding sequences; plant cell systems infected coding sequences. These signals include the ATG initiation 
with recombinant virus expression vectors (e.g., cauliflower codon and adjacent sequences. Exogenous translational con- 
mosaic virus, CaMV; tobacco mosaic virus, TMV) or trans- 30 trol signals, including the ATG initiation codon, may addi- 
formcd with recombinant plasmid expression vectors (e.g., tionally need to be provided. One of ordinary skill in the art 
Ti plasmid) containing the delivery vehicle/active agent would readily be capable of determining this and providing 
coding sequences coding sequence; or mammalian cell the necessary signals. Furthermore, the initiation codon must 
systems (e.g., COS, CHO, BHK, 293, 3T3) harboring be in phase with the reading frame of the desired coding 
recombinant expression constructs containing promoters 35 sequence to ensure translation of the entire insert. These 
derived from the genome of mammalian cells (e.g., metal- exogenous translational control signals and initiation codons 
lothionein promoter) or from mammalian viruses (e.g., the can be of a variety of origins, both natural and synthetic. The 
adenovirus late promoter; the vaccinia vims 7.5K promoter; efficiency of expression may be enhanced by the inclusion of 
lentiviral vectors). appropriate transcription enhancer elements, transcription 

In bacterial systems a number of expression vectors may 40 terminators, etc. (see Bittner et al., Methods in Enzymol. 

be advantageously selected depending upon the use intended 153:516-544 (1987)). 

for the delivery vehicle/active agent being expressed. For In addition, a host cell strain may be chosen which 
example, when large quantities of delivery vehicle/active modulates the expression of the inserted sequences, or 
agent are to be produced for the generation of antibodies or modifies and processes the gene product in the specific 
to screen peptide libraries, vectors which direct the expres- 45 fashion desired. Such modifications (e.g., glycosylation) and 
sion of high levels of fusion protein products that are readily processing (e.g., cleavage) of protein products may be 
purified may be desirable. Such vectors include but are not important for the function of the protein. Different host cells 
limited to the E. coli expression vector pUR278 (Ruther et have characteristic and specific mechanisms for the post- 
al., EMBO J 2:1791 (1983)), in which the delivery vehicle/ translational processing and modification of proteins, 
active agent coding sequence may be ligated individually 50 Appropriate cells lines or host systems can be chosen to 
into the vector in frame with the lac Z coding region so that ensure the correct modification and processing of the foreign 
a fusion protein additionally containing a portion of the lac protein expressed. To this end, eukaryotic host cells which 
Z product is provided; pIN vectors (Inouye et al., Nucleic possess the cellular machinery for proper processing of the 
Acids Res. 13:3101-3109(1985); Van Heeke et al.,./. Biol primary transcript, glycosylation, and phosphorylation of 
Chem. 264:5503-5509 (1989)); and the like. pGEX vectors 55 the genc product may be used. Such mammalian host cells 
may also be used to express foreign polypeptides, such as include, but are not limited to, CHO, VERO, BHK, Hel-a, 
the delivery vehicle/active agents as fusion proteins addi- COS, MOCK, 293, 313, W138, etc. For long-term, high- 
lionally containing glutathione S-transferase (GST). In yield production of recombinant proteins, stable expression 
general, such fusion proteins are soluble and can easily be Ls preferred. For example, cell lines which stably express 
purified from lysed cells by adsorption to glutathione- 60 constructs encoding the delivery vehicle/active agent com- 
agarose beads followed by clution in the presence of free pounds may be engineered. Rather than using expression 
glutathione. Ilie pGEX vectors are designed to include vectors which contain viral origins of replication, host cells 
thrombin or factor Xa protease cleavage sites so that the can be transformed with delivery vehicle/active agent ON A 
delivery vehicle/active agent protein of the fusion protein controlled by appropriate expression control elements (e.g., 
can be released from the GST moiety. 65 promoter, enhancer, sequences, transcription terminators, 
In an insect system, Autograph californica nuclear poly- polyadenylation sites, etc.), and a selectable marker. Fol- 
hidrosis virus (AcNl'V) is used as a vector to express foreign lowing the introduction of foreign ON A, engineered cells 
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may be allowed to grow for 1 or 2 days in an enriched media, 
and Ihcn arc switched to a selective media. 'l*hc selectable 
marker in the recombinant plasmid confers resistance to the 
selection and allows cells to stably integrate the plasmid into 
their chromosomes and grow to form foci which in turn can 
be cloned and expanded into cell lines. 

A number of selection systems may be used, including, 
but not limited, to the herpes simplex virus thymidine kinase 
(Wigler et al., Cell 11:223 (1977)), hypoxanthinc-guanine 
phosphoriboxyltransferase (SzybaLska et al., Proc. Natl 
Acad. Sci USA 48:2026 (1962)), and adenine phosphoribo- 
syltransfcrasc genes (Lowy ct al, Cell 22:817 (1980)) can be 
employed in tk-, hgprt- or aprl-cclls, respectively. Also, 
antimetabolite resistance can be used as the basis of selec- 
tion for dhfr, which confers resistance to methotrexate 
(Wigler et al., Proc. Natl. Acad. ScL USA 77:3567 (1980); 
O'Hare et ah, Proc. NatL Acad. Sci. USA 78:1527 (1981)); 
gpt, which confers resistance to mycophenolic acid 
(Mulligan et al., Proc Natl Acad Sci USA 78:2072 (1981)); 
neo, which confers resistance to the aminoglycoside G-418 
(Colberre-Garapin et aL, J Mol Biol 150:1 (1981)); and 
hygro, which confers resistance to hygromycin (Santerre et 
al., Gene 30:147 (1984)). 

It is contemplated that some of the therapeutic applica- 
tions of the present invention will involve the targeting of an 
active agent moiety to the endothelium, particularly tumor 
endothelium. This is due to the much greater ability of most 
active agents to deliver a cell killing effect as compared to 
other potential agents. However, there may be 
circumstances, such as when the target antigen docs not 
internalize by a route consistent with efficient intoxication 
by delivery vehicle/active agent compounds, such as 
immunotoxins, where one will desire to target chernothera- 
peutic agents such as antitumor drugs, other cytokines, 
antimetabolites, alkylating agents, hormones, and the like. 
The advantages of these agents over their non-delivery 
vehicle conjugated counterparts is the added selectivity 
afforded by the delivery vehicle, such as an antibody. 
Exemplary agents include, but are not limited to, steroids, 
cytosine arabinoside, methotrexate, aminopterin, 
anthracyclines, mitomycin C, vinca alkaloids, demecolcine, 
etoposide, mithramycin, and the like. This list is, of course, 
merely exemplary in that the technology for attaching phar- 
maceutical agents to delivery vehicles, such as peptides or to 
antibodies, for specific delivery to tissues is well established. 

The technology for attaching paramagnetic, radioactive 
and even fluorogenic ions to delivery vehicles, such as 
peptides and antibodies, is well established. Many of these 
methods involve the use of a metal chelate complex 
employing, for example, an organic chelating agent such a 
DTPA attached to the peptide or to the antibody. Sec e.g., 
U.S. Pat. No. 4,472,509. In the context of the present 
invention the selected ion is thus targeted to the target tissue 
by the delivery vehicle, such as a peptide or an antibody, 
allowing therapy or imaging to proceed by means of the 
attached ion. 

A variety of chernotherapeutic and other pharmacologic 
agents have now been successfully conjugated to peptides 
and to antibodies and shown to function pharmacologically 
(see e.g., Vaickus et al., Cancer Invest 9:195-209 (1991)). 
Exemplary antineoplastic agents that have been investigated 
include doxorubicin, daunomycin, methotrexate, 
vinblastine, and various others. Dill man et a I., Antibody 
Immwxocon Radiopharm 1:65-77 (1988); Pietersz et al., 
Antibody fmmunoconj Radiopharm 1:79-103 (1988). 
Moreover, the attachment of other agents such as neocar/i- 
nostalin ( K i m u ra e t a I . , Immunogenet its 1 1 : 3 73-38 1 
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(1980)), macromycin, trenimon (Ghose el al., Meth. Enzy- 
mology 93:280-333 (1983)) and a-amanitin has been 
described. 

In addition to chernotherapeutic agents, the invention is 

5 contemplated to be applicable to the specific delivery of a 
wide variety of other agents to tumor vasculature. For 
example, under certain circumstances, one may desire to 
deliver a coagulant such as Russell*s Viper Venom, activated 
Factor IX, activated Factor X or thrombin to the tumor 

10 vasculature. I "his will result in coagulation of the tumor's 
blood supply. One can also envisage targeting a cell surface 
lytic agent such as phospholipasc C, (Flickingcr & Trost, Eu. 
J. Cancer 12(2): 159-60 (1976)) or cobra venom factor 
(CVF) (Vogel & Muiler-Eberhard, Anal. Biochem 118(2) 

15 :262-268 (1981))which should Iysc the tumor endothelial 
cells directly. The operative attachment of such structures to 
delivery vehicles, such as peptides and antibodies, may be 
readily accomplished, for example, by protein-protein cou- 
pling agents such as SMPT. Moreover, one may desire to use 

20 growth factors, other cytokines or even bacterial endotoxin 
or the lipid A moiety of bacterial endotoxin as active agents, 
in order, e.g., to achieve modulation of cytokine release. The 
attachment of such substances to peptide and antibody 
delivery vehicles is again well within the skill in the art as 

25 exemplified by Ghose et al., CRC Critical Reviews in 
Therapeutic Drug Carrier Systems 3:262-359 (1987). 

Thus, it is generally believed to be possible to conjugate 
to peptides and antibodies any active agent that has a 
primary or secondary amine group, hydrazide or hydrazine 

30 group, carboxyl alcohol, phosphate, or alkylating group 
available for binding or cross-linking to the amino acids or 
carbohydrate groups of the peptide or antibody. In the case 
of protein structures, this is most readily achieved by means 
of a cross linking agent as described above. In the case of 

35 doxorubicin and daunomycin, attachment may be achieved 
by means of an acid labile acyl hydrazone or cis aconityl 
linkage between the drug and the peptide or antibody. 
Finally, in the case of methotrexate or aminopterin, attach- 
ment is achieved through a peptide spacer such as L-Ieu- 

40 L-Ala-L-Leu-L-Ala (SEQ ID NO: 1), between the 
y-carboxyi group of the. drug and an amino acid of the 
peptide, or antibody. 

Alternatively, any such structures which are nucleic acid- 
encoded structures may be operatively attached to the deliv- 

45 ery vehicles of the invention by standard recombinant DNA 
techniques, such as, for example, those discussed above. 

In accordance with another embodiment of the present 
invention, platelets are used as delivery vehicles for the 
selective delivery of active agents to a target tissue in a 

50 vertebrate subject. Platelets arc loaded or labeled with an 
active agent or agents in accordance with art -recognized 
techniques, such as those described in U.S. Pat. Nos. 5,292, 
524 and 5,328,840, the entire contents of each of which 
herein incorporated by reference. Other techniques, includ- 

55 ing electroporation, for loading or labeling platelets for use 
in accordance with the present invention are described in the 
Examples presented herein below. 

As used herein, the term "loading" refers to the incorpo- 
ration of material inside a delivery vehicle, such as a platelet. 

60 Ilie incorporated material can be located, for example, 
within the cytoplasm of the platelet or be compartmentalized 
within a vacuole or organelle. The material can be taken up 
or "loaded" into the platelet by a variety of processes, such 
as, for example, phagocytosis, membrane fusion or receptor- 

65 mediated endocytosis. The pathway by which material is 
taken up is not critical so long as the material to be 
incorporated inside a platelet successfully crosses the plate- 
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let cell membrane. As would be apparent to one of ordinary 
skill in the art, active agents can be loaded directly into 
platelets or can be loaded via a loading vehicle, such as a 
liposome or hapten. 

As disclosed in the Examples presented herein below, 5 
leukocytes bind activated platelets, and as such, arc con- 
templated Cor use as delivery vehicles in accordance with the 
present invention. Leukocytes are loaded with active agent 
using the techniques described above with respect to the 
conjugation of active agents to peptide and antibody deliv- iQ 
ery vehicles and with respect to the loading of platelets, by 
electroporation or by phagocytosis, membrane fusion or 
receptor-mediated endocytosis. For example, leukocytes can 
be loaded by conjugating with a viral gene therapy vector to 
a platelet binding P-selectin counter receptor (PGSL) on the 
surface of the leukocyte using the conjugation techniques 15 
disclosed herein above. 
D. Active Agents 

As described hereinabove, the active agent can comprise 
a therapeutic or an imaging agent. The therapeutic agent can 
comprise c he m olhc rapeu lie agents, toxins, 20 
radiotherapeutics, or radiosensitizing agents. Each agent is 
loaded in a total amount effective to accomplish the desired 
result in the target tissue, whether the desired result be 
imaging the target tissue or treating the target tissue. 

Che mo therapeutics useful as active agents in loaded 25 
platelets are typically small chemical entities produced by 
chemical synthesis. Chemotherapeutics include cytotoxic 
and cytostatic drugs. Chemotherapeutics may include those 
which have other effects on cells such as reversal of the 
transformed state to a differentiated state or those which 30 
inhibit cell replication. Exemplary chcmothcrapcutic agents 
include, but arc not limited to, anti-tumor drugs, cytokines, 
anti-metabolites, alkylating agents, hormones, and the like. 

Additional examples of chemotherapeutics include com- 
mon cytotoxic or cytostatic drugs such as for example: 35 
methotrexate (a me tho pterin), doxorubicin (adrimycin), 
daunorubicin, cytosine arabinoside, etoposide, 5-4 
Huorouracil, melphalan, chlorambucil, and other nitrogen 
mustards (e.g. cyclophosphamide), cis-platinum, vindesine 
(and other vinca alkaloids), mitomycin and bleomycin. 40 
Other chemotherapeutics include: purothionin (barley flour 
oligopeptide), macromomycin, 1,4-benzoquinonc 
derivatives, trenimon, steroids, aminopterin, anthracyclines, 
demecolcine, etoposide, mithramycin, doxorubicin, 
daunomycin, vinblastine, neocarzinostatin, macromycin, 45 
a-amanitin and the like. Certainly, the use of combinations 
of chemotherapeutic agents is also contemplated in accor- 
dance with the present invention. 

Toxins arc useful as active agents. When a toxin is loaded 
into a platelet, the toxin- loaded platelet is specifically deliv- 50 
crcd to a target tissue by way of exposure of the target tissue 
to ionizing radiation, and the toxin moiety kills cells in the 
tissue. Toxins are generally complex toxic products of 
various organisms including bacteria, plants, etc. 

Exemplary toxins include, but are not limited to, coagu- 55 
lanLs such as Russell's Viper Venom, activated Factor IX, 
activated Factor X or thrombin; and cell surface lytic agents 
such as phospho lipase C, (Fliekinger & Trust, Eu. J. Cancer 
12(2): 159-60 (1976)) or cobra venom factor (CVF) (Vogel 
& Mullcr-Eberhard,/lna/. Biochem 1 18(2): 262-268 (1981)) 60 
which should lyse neoplastic cells directly. Additional 
examples of toxins include but are not limited to: ricin, ricin 
A chain (ricin toxin), Pseudomonas exotoxin (PE), diphthe- 
ria toxin (DT), bovine pancreatic ribonuclcase (BPR), 
pokeweed antiviral protein (PAP), abrin, abrin Achain (abrin 65 
toxin), gelonin (GEL), sapor in (SAP), modeccin, viscumin 
and volkensin. 
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Exemplary radiotherapeutic agents include, but are not 
limited to, 47 Sc, 67 Cu W) Y, ,f)9 Pd, ,23 l, ,25 I, ,3, I, n 'In, ,K *Re, 
188 Kc, 199 Au, 21 'At, 2,2 Pb and 212 l*i. Other radionuclides 
which have been used by those having ordinary skill in the 
art include: 32 P and 33 P, 7l Gc, 77 As, I03 Pb, 105 Rh, ul Ag, 
1J9 Sb, i21 Sn, l3l Cs, 43 Pr, ,6, 'IT>, 177 Lu, I91 Os, 193M Pt, 197 Hg, 
all beta negative and/or auger emitters. Some preferred 
radionuclides include: tJO Y t 131 I, 211 At and 2I2 Pb/ 2l2 Bi. 

Radiosensitizing agents are substances that increase the 
sensitivity of cells to radiation. Exemplary radiosensitizing 
agents include, but arc not limited to, nhroimidazoles, 
metronidazole and misonidazolc (see DcVita, V. T. Jr. in 
Harrison's Principles of Internal Medicine, p.68, McGraw- 
Hill Book Co., N.Y. 1983, which is incorporated herein by 
reference), as well as art-recognized boron-neutron capture 
and uranium capture systems. See, e.g., Gabe, D. Radio- 
therapy & Oncology 30:199-205 (1994); Hainfeld,7. Proc. 
Natl Acad. ScL USA 89:11064-11068 (1992). A delivery 
vehicle comprising a radiosensitizing agent as the active 
moiety is administered and localizes at the target tissue. 
Upon exposure of the tissue to radiation, the radiosensitizing 
agent is "excited" and causes the death of the cell. 

Radiosensitizing agents are also substances which 
become more toxic to a cell after exposure of the cell to 
ionizing radiation. In this case, DNA protein kinase (PK) 
inhibitors, such as R106 and R116 (ICOS, Inc.); tyrosine 
kinase inhibitors, such as SU5416 and SU6668 (Sugen Inc.); 
and inhibitors of DNA repair enzymes comprise contem- 
plated examples. 

Another contemplated radiosensitizing agent comprises a 
genetic construct which comprises an enhancer-promoter 
region which is responsive to radiation, and at least one 
structural gene whose expression is controlled by the 
enhancer-promoter. In accordance with the present 
invention, methods of destroying, altering, or inactivating 
cells in target tissue by delivering the genetic constructs to 
the cells of the tissues via delivery vehicles and inducing 
expression of the structural gene or genes in the construct by 
exposing the tissues to ionizing radiation are also contem- 
plated. Such genetic constructs are loaded, conjugated or 
otherwise linked with a delivery vehicle in accordance with 
art-recognized techniques, such as electroporation and as are 
described herein above. Exemplary genetic constructs and 
related techniques are described in U.S. Pat. Nos. 5,817,636; 
5,770,581; 5,641,755; and 5,612318, the entire contents of 
each of which herein incorporated by reference. 
Additionally, the recombinant DNA techniques described 
hereinabove arc contemplated to be applicable to the prepa- 
ration of genetic construct active agents. 

Exemplary imaging agents include, but arc not limited to, 
paramagnetic, radioactive and fluorogenic ions. Preferably, 
the imaging agent comprises a radioactive imaging agent. 
Exemplary radioactive imaging agents include, but are not 
limited to, gamma -emitters, positron -emitters and x-ray- 
emitters. Particularly contemplated radioactive imaging 
agents include, but are not limited to, 43 K, 52 Fe, 57 Co, 67 Cu, 
rt7 Ga, w Ga, 77 Br, "W^Kr, R7 "Sr, 99m Tc, m In, u3 In, 
,23 1, " S I, * 27 Cs, ,29 Os, ,3, I, 132 I, l97 Hg, 203 Pb and 2 ° rt Bi. 
Other radioactive imaging agents known by one skilled in 
the art can be used as well. 
D. Dosages for Active Agents 

Because delivery vehicles are specifically targeted to 
irradiated cells, a delivery vehicle which comprises an active 
agent is administered in a dose less than that which is used 
when the active agent is administered directly to a subject, 
preferably in doses that contain up to about 100 limes less 
active agent. In some embodiments, delivery vehicles which 
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comprise an active agent are administered in doses that 
contain about 10 to about 100 times less active agent as an 
active moiety than the dosage of active agent administered 
directly. To determine the appropriate dose, the amount of 
compound is preferably measured in moles instead of by 
weight. In that way, the variable weight of delivery vehicles 
docs not afFcct the calculation. Aonc to one ratio of delivery 
vehicle to active agent in the delivery vehicles of the present 
invention is presumed. 

Typically, chemotherapeutic conjugates are administered 
intravenously in multiple divided doses. Up to 20 gm 
IV/dosc of methotrexate is typically administered. When 
methotrexate is administered as the active moiety in a 
delivery vehicle of the invention, there is about a 10- to 
100- fold dose reduction. Thus, presuming each delivery 
vehicle includes one molecule of methotrexate to one mole 
of delivery vehicle, of the total amount of delivery vehicle 
active agent administered, up to about 0.2 to about 2.0 g of 
methotrexate is present and therefore administered. In some 
embodiments, of the total amount of delivery vehicle/active 
agent administered, up to about 200 mg to about 2 g of 
methotrexate is present and therefore administered. 

By way of further example, doxorubicin and daunorubicin 
each weigh about 535. Presuming each delivery vehicle 
includes one molecule of doxorubicin or daunorubicin to 
one delivery vehicle, a contemplated dose range for delivery 
vehicle-doxorubicin vehicle or delivery vetaicle- 
daunorubicin is between about 40 to about4000 mg. In some 
embodiments, dosages of about 100 to about 1000 mg of 
delivery vehicle-doxorubicin or delivery vchiclc- 
daunorubicin arc administered. In some embodiments, dos- 
ages of about 200 to about 600 mg of delivery vehicle- 
doxorubicin or delivery vehicle-daunorubicin are 
administered. 

Toxin-containing loaded delivery vehicles are formulated 
for intravenous administration. Using an intravenous 
approach, up to 6 nanomoles/kg of body weight of toxin 
alone have been administered as a single dose with marked 
therapeutic effects in patients with melanoma (Spitler L. E., 
et al. (1987) Cancer Res. 47:1717). In some embodiments of 
the present invention, then, up to about 11 micrograms of 
delivery vehicle -toxin/kg of body weight may be adminis- 
tered for therapy. 

The molecular weight of ricin toxin A chain is 32,000. 
Thus, for example, presuming each delivery vehicle includes 
one molecule of ricin toxin A chain to one delivery vehicle, 
delivery vehicles comprising ricin toxin A chain are admin- 
istered in doses in which the proportion by weight of ricin 
toxin A chain is about 1 to about 500 //g of the total weight 
of the administered dose. In some preferred embodiments, 
delivery vehicles comprising ricin toxin A chain are admin- 
istered in doses in which the proportion by weight of ricin 
toxin A chain is about 10 to about 100 //g of the total weight 
of the administered dose. In some preferred embodiments, 
delivery vehicles comprising ricin toxin A chain are admin- 
istered in doses in which the proportion by weight of ricin 
toxin A chain is about 2 to about 50 fig of the total weight 
of the administered dose. 

Ilie molecular weight of diphtheria toxin A chain is 
66,000. 1 Tins, presuming each delivery vehicle includes one 
molecule of diphtheria toxin A chain to one delivery vehicle, 
delivery vehicles comprising diphtheria toxin A chain arc 
administered in doses in which the proportion by weight of 
diphtheria toxin A chain is about 1 to about 500 fig of the 
total weight of the administered dose. In some preferred 
embodiments, delivery vehicles comprising diphtheria toxin 
A chain are administered in doses in which the proportion by 
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weight of diphtheria toxin A chain is about 10 to about 100 
fig of the total weight of the administered dose. In some 
preferred embodiments, delivery vehicles comprising diph- 
theria toxin A chain are administered in doses in which the 
proportion by weight of diphtheria toxin A chain is about 40 
to about 80 fig of the total weight of the administered dose. 

The molecular weight of Pscudomonas exotoxin is 
22,000. Thus, presuming each delivery vehicle includes one 
molecule of Pscudomonas exotoxin to one delivery vehicle, 
delivery vehicles comprising Pseudomonas exotoxin are 
administered in doses in which the proportion by weight of 
Pscudomonas exotoxin is about 0.01 to about 100 ftg of the 
total weight of the loaded delivery vehiclc-cxotoxin admin- 
istered. In some preferred embodiments, delivery vehicles 
comprising Pseudomonas exotoxin are administered in 
doses in which the proportion by weight of Pseudomonas 
exotoxin is about 0.1 to about 10 fig of the total weight of 
the administered dose. In some preferred embodiments, 
delivery vehicles comprising Pseudomonas exotoxin are 
administered in doses in which the proportion by weight of 
Pseudomonas exotoxin is about 03 to about 2.2 fig of the 
total weight of the administered dose. 

To dose delivery vehicles comprising radioisotopes in 
pharmaceutical compositions useful as imaging agents, it is 
presumed that each delivery vehicle is loaded with one 
radioactive active moiety. The amount of radioisotope to be 
administered is dependent upon the radioisotope. Those 
having ordinary skill in the art can readily formulate the 
amount of delivery vehicle-imaging agent to be adminis- 
tered based upon the specific activity and energy of a given 
radionuclide used as an active moiety. Typically about 0.1 to 
about 100 millicurics per dose of imaging agent, preferably 
about 1 to about 10 millicurics, most often about 2 to about 
5 millicuries are administered. 

Thus, pharmaceutical compositions contemplated to be 
useful imaging agents comprise delivery vehicles compris- 
ing a radioactive moiety in an amount ranging from about 
0.1 to about 100 millicuries, in some embodiments prefer- 
ably about \ to about 10 millicuries, in some embodiments 
preferably about 2 to about 5 millicuries, in some embodi- 
ments more preferably about 1 to about 5 millicuries. 

Examples of dosages include: 131 I=between about 0.1 to 
about 100 millicuries per dose, in some embodiments pref- 
erably about 1 to about 10 millicuries, in some embodiments 
about 2 to about 5 milheuries, and in some embodiments 
about 4 millicuries; lu In-between about 0.1 to about 100 
millicuries per dose, in some embodiments preferably about 
1 to about 10 millicuries, in some embodiments about 1 to 
about 5 millicuries, and in some embodiments about 2 
millicurics, " m Tc=bctwccn about 0.1 to about 100 millicu- 
rics per dose, in some embodiments preferably about 5 to 
about 75 millicurics, in some embodiments about 10 to 
about 50 millicuries, and in some embodiments about 27 
millicuries. 

Depending upon the specific activity of the radioactive 
moiety and the weight of the delivery vehicle, the dosage 
defined by weight varies. For example, in a pharmaceutical 
composition comprising an 1:11 1 -loaded platelet in which the 
specific activity of ,31 I-loaded platelet is about 2000 
Ci/mmol, administering the dose of about 0.1 to about 100 
millicuries is the equivalent of 0.1 to about 100 /*g 13 *l- 
loaded platelet, administering the dose of about 1 to about 10 
millicuries is the equivalent of about I to about 10 tig of 
!3l I-loaded platelet, administering the dose of about 2 to 
about 5 millicuries is equivalent to giving about 2 to about 
5 fig of 131 I-loaded platelet and administering the dose of 
about 1 to about 5 millicurics is equivalent to giving about 
I to about 5 ftg of 13l I-loadcd platelet. 
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In a pharmaceutical composition comprising a loaded 
platelet comprising a single 11 'In in which the specific 
activity of 11 'in-loaded platelet is about 1 Ci/mmol, admin- 
istering the dose of about 0.1 to about 100 millicurics is the 
equivalent of about 0.2 to about 200 mg lu In-loaded 5 
platelet, administering the dose of about 1 to about 10 
millicuries is the equivalent of about 2 to about 20 mg of 
ul In-loaded platelet, administering the dose of about 2 to 
about 5 millicuries is equivalent to giving about 4 to about 
10 mgof 11J In-loaded platelet and administering the dose of 10 
about 1 to about 5 millicuries is equivalent to giving about 
2 to about 10 mg of JJ1 In-Ioadcd platelet. 

To load delivery vehicles with radioisotopes in pharma- 
ceutical compositions useful as therapeutic agents, it is 
presumed that each delivery vehicle is loaded with one 15 
radioactive active moiety. The amount of radioisotope to be 
administered is dependent upon the radioisotope. Those 
having ordinary skill in the art can readily formulate the 
amount of delivery vehicle-radio-therapeutic agent to be 
administered based upon the specific activity and energy of 20 
a given radionuclide used as an active moiety. l ; or thera- 
peutics that comprise 131 1, between about 10 to about 1000 
nanomoles (nM), preferably about 50 to about 500 nM, more 
preferably about 300 nM of 131 1 at the tumor, per gram of 
tumor, is desirable. Thus, if there is about 1 gram of tumor, 25 
and about 0.1% of the administered dose is delivered to the 
tumor, about 0.5 to about 100 mg of 131 I-delivery vehicle is 
administered. In some embodiments, about 1 to about 50 mg 
of 131 I-delivery vehicle is administered. In some 
embodiments, about 5 to about 10 mg of 131 I-dclivcry 30 
vehicle is administered. Wcsscls B. W. and R. D. Rogus 
(1984) Med. Phys. 11:638 and Kwok, C. S. et al. (1985) 
Med. Phys. 12:405, both of which are incorporated herein by 
reference, disclose detailed dose calculations for diagnostic 
and therapeutic vehicles which may be used in the prepa- 35 
ration of pharmaceutical compositions of the present inven- 
tion which include radioactive delivery vehicles. 
E. Pharmaceutical Compositions 

After a sufficiently purified delivery vehicle comprising 
active agent has been prepared, one will desire to prepare it 40 
into a pharmaceutical composition that may be administered 
in any suitable manner. Preferred administration techniques 
include parenteral administration, intravenous administra- 
tion and infusion directly into a target tissue, such as a solid 
tumor or other neoplastic tissue. This is done by using for the 45 
last purification step a medium with a suitable pharmaceu- 
tical composition. 

Suitable pharmaceutical compositions in accordance with 
the invention will generally comprise an amount of the 
desired delivery vehicle -active agent in accordance with the 50 
dosage information set forth above admixed with an accept- 
able pharmaceutical diluent or excipient, such as a sterile 
aqueous solution, to give an appropriate final concentration 
in accordance with the dosage information set forth above 
with respect to the active agent. Such formulations will 55 
typically include buffers such as phosphate buffered saline 
(PBS), or additional additives such as pharmaceutical 
excipients, stabilizing agents such as BSAor HSA, or salts 
such as sodium chloride. 

for parenteral administration it is generally desirable to 60 
further render such compositions pharmaceutical^ accept- 
able by insuring their sterility, non-immunogenicity and 
non-pyrogenicity. Such techniques are generally well known 
in the art as exemplified by Remington's Pharmaceutical 
Sciences, 16lh Ed. Mack Publishing Company (1980), incor- 65 
porated herein by reference. It should be appreciated that 
endotoxin contamination should be kept minimally al a safe 
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level, for example, less that 0.5 ng/mg protein. Moreover, for 
human administration, preparations should meet sterility, 
pyrogen icity, general safety and purity standards as required 
by FDA Office of Biological Standards. 
K Therapeutic Methods 

A therapeutic method is contemplated in accordance with 
the present invention. The method pertains to the delivery of 
an active agent to a target tissue in a vertebrate subject, and 
comprises: (a) exposing the target tissue to ionizing radia- 
tion; and (b) administering a delivery vehicle to the verte- 
brate subject before; after; during; before and after; before 
and during; during or after; or before, during and after 
exposing the target tissue to the ionizing radiation. Indeed, 
any combination of administering a delivery vehicle to the 
vertebrate subject before, during and/or after exposing the 
target tissue to the ionizing radiation is contemplated to fall 
within the scope of the present invention. The delivery 
vehicle comprises the therapeutic agent, and delivers the 
agent to the target tissue. 

The target tissue is exposed to ionizing radiation in the 
amounts and ranges discussed herein. A preferred minimal 
dose of ionizing radiation comprises about 400 cGy. A more 
preferred dose comprises about 10 Gy, in that maximal 
platelet aggregation has been observed at this dosage level. 
Platelet aggregates are typically first observed in the target 
tissue one hour after irradiation and maximal platelet aggre- 
gation in target tissue is typically observed at about 24 hours 
after irradiation. After about 48 hours after irradiation, 
platelet aggregates begin to diminish. 

In a preferred schedule of administration, delivery 
vehicles comprising the active agent arc administered about 
one hour prior to irradiation or about ten minutes after 
irradiation. Applicant has observed that radiation induced 
platelet aggregation increased three-fold over untreated con- 
trols when delivery vehicles were administered about ten 
minutes after administration. When delivery vehicles were 
administered prior to irradiation, a ten-fold increase in 
platelet aggregation in tumors as compared to untreated 
controls was observed. 

Optionally, delivery vehicles comprising the active agent 
are administered both about one hour prior to irradiation and 
about ten minutes after irradiation. Of course, dosage levels 
of the active agent are adjusted to reflect two administrations 
of the delivery vehicles comprising the active agent. 

In a preferred embodiment of a therapeutic method of the 
present invention, the target tissue comprises a neoplasm. As 
described hereinabove, it is contemplated that any neoplasm 
can be selectively targeted for delivery of a therapeutic agent 
in accordance with the method of the present invention. 

Warm-blooded vertebrates comprise particularly contem- 
plated subjects for treatment in accordance with the methods 
of the present invention. Therefore, the invention Concerns 
mammals and birds. 

Contemplated is the treatment of mammals such as 
humans, as well as those mammals of importance due to 
being endangered (such as Siberian tigers), of economical 
importance (animals raised on farms for consumption by 
humans) and/or social importance (animals kept as pels or in 
zoos) to humans, for instance, carnivores other than humans 
(such as cats and dogs), swine (pigs, hogs, and wild boars), 
ruminants (such as cattle, oxen, sheep, giraffes, deer, goats, 
bison, and camels), and horses. Also contemplated is the 
treatment of birds, including the treatment of those kinds of 
birds that are endangered, kept in zoos, as well as fowl, and 
more particularly domesticated fowl, i.e., poultry, such as 
turkeys, chickens, ducks, geese, guinea fowl, and the like, as 
they are also of economical importance to humans. Thus, 
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contemplated Ls Ihc treatment of livestock, including, but not 
limited to, domesticated swine (pigs and hogs), ruminants, 
horses, poultry, and the like. 

A suitable therapeutic agent comprises any agent having 
a therapeutic effect, including but not limited to 5 
chcmothcrapcutics, toxins, radiothcrapeutics, or radiosensi- 
tizing agents. Particularly contemplated chcmotherapeutics, 
toxins, radiothcrapeutics, or radiosensitizing agents are set 
forth in detail above. Preferably, the therapeutic agent is 
administered in a pharmaceutically acceptable form com- 10 
prising an effective amount of the desired therapeutic agent- 
delivery vehicle, as provided in accordance with the dosage 
information set forth above. 

When the therapeutic agent is a radiosensitizing agent the 
method further comprises the step of again exposing the 15 
target tissue to ionizing radiation after delivery of the 
radiosensitizing agent-loaded delivery vehicles to the target 
tissue. Preferably, the target tissue is exposed to ionizing 
radiation at a time point of about 6 hours after the initial 
irradiation of the target tissue. 20 

By way of further explanation, pharmacokinetic and phar- 
macodynamic studies were performed by studying the time 
course of radiolabeled delivery vehicles in various tissues, 
including tumor, liver, spleen and heart. Each region of 
interest was studied by measuring counts per pixel in each 25 
of the regions. Using 111 In as a label, the time point for 
maximal localization in tumors was about 6 hours after 
initial tissue irradiation in accordance with the. present 
invention. At about 24 hours after initial irradiation, 
increased platelet aggregation in tumors was observed; but, 30 
a concurrent increase in the platelet aggregation in liver, 
spleen and heart was observed. As would be apparent to one 
of ordinary skill in the art, the elucidation of these pharma- 
codynamic parameters facilitates the timing of a second dose 
of ionizing radiation to the target tissue, after a radiosensi- 35 
tizing agent has been delivered to the target tissue, so that 
desired therapeutic effects in the target tissue are maximized 
and undesired negative effects in other tissues are mini- 
mized. 

G. Treatment of Angiogenesis 40 

Angiogenesis, or the growth of new blood vessels, is an 
essential component to the growth of tumors (Folkman, J., 
Af£>jg/JA/e</28;333(26), 1757-1763 (1995)). These newly 
proliferating blood vessels have distinct expression of cell 
adhesion molecules (Wu et a]., British Journal of Cancer 68, 45 
883-9 (1994)). P-selectin is one of many cell adhesion 
molecules expressed on the endothelium of angiogenic 
blood vessels (Brooks, P. C, Cancer Metastasis Rev. 
15:187-194 (1996)). 

In view of the relationship between P-sclcctin expression 
and platelet aggregation disclosed herein, a therapeutic 
method pertaining to the inhibition of angiogenesis is con- 
templated in accordance with the present invention. The 
present invention thus provides for a method for the inhi- 
bition of angiogenesis in a tissue, and thereby modulating 
events in the tissue which depend upon angiogenesis. Such 
a method particularly involves the exposure of a target tissue 
undergoing angiogenesis to ionizing radiation in conjunc- 
tion with the administration of a delivery vehicle comprising 
a therapeutic agent, whereby the delivery vehicle is selec- 
tively delivered to the blood vessels and angiogenesis in the 
blood vessels is inhibited. Indeed, angiogenic blood vessels 
arc contemplated "target tissues", as the term is used herein. 
Any therapeutic agent as characterized herein and/or that has 
an inhibitory effect on angiogenesis Ls contemplated for use 
in the method. Such agents may be referred to as "antian- 
giogenic agents". Particularly contemplated therapeutic 
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agents include coagulants and radiothcrapeutics, as are more 
fully described herein above. 

Angiogenesis includes a variety of processes involving 
neovascularization of a tissue including "sprouting", 
vasculogencsis, or vessel enlargement. With the exception of 
traumatic wound healing, corpus luteum formation and 
cmbryogenesis, it is believed that the majority of angiogen- . 
csis processes are associated with disease processes. 

There are a variety of diseases in which angiogenesis is 
believed to be important, referred to as angiogenic diseases, 
including but not limited to, inflammatory disorders such as 
immune and non-immune inflammation, chronic articular 
rheumatism and psoriasis, disorders associated with inap- 
propriate or inopportune invasion of vessels such as diabetic 
retinopathy, neovascular glaucoma, capillary proliferation in 
atherosclerotic plaques and osteoporosis, and cancer asso- 
ciated disorders, such as solid tumors, solid tumor 
metastases, angiofibromas, retrolental fibroplasia, 
hemangiomas, Karposi's sarcoma and the like cancers 
which require neovascularization to support tumor growth. 

Thus, methods which inhibit angiogenesis in a diseased 
tissue ameliorates symptoms of the disease and, depending 
upon the disease, can contribute to cure.of the disease. In one 
embodiment, the invention contemplates inhibition of 
angiogenesis, per se, in a tissue. The extent of angiogenesis 
in a tissue, and therefore the extent of inhibition achieved by 
the present methods, can be evaluated by a variety of 
methods, such as the chick chorioallantoic membrane assay. 
The chick chorioallantoic membrane assay has be described 
in detail by others, and further has been used to measure both 
angiogenesis and neovascularization of tumor tissues. Sec 
Ausprunk et at, Am. J. Pathol, 79:597-618 (1975); Osson- 
ski et al., Cancer Res., 40:2300-2309 (1980); and U.S. Pat. 
No. 5,753,230, the entire contents of each, of which herein 
incorporated by reference. 

As described herein, any of a variety of tissues, or organs 
comprised of organized tissues, can support angiogenesis in 
disease conditions including skin, muscle, gut, connective 
tissue, joints, bones and the like tissue in which blood 
vessels can invade upon angiogenic stimuli. 

Thus, in one related embodiment, a tissue to be treated is 
an inflamed tissue and the angiogenesis to be inhibited is 
inflamed tissue angiogenesis where there is neovasculariza- 
tion of inflamed tissue. In this case the method contemplates 
inhibition of angiogenesis in arthritic tissues, such as in a 
patient with chronic articular rheumatism, in immune or 
non-immune inflamed tissues, in psoriatic tissue and the 
like. 

In another related embodiment, a tissue to be treated is a 
50 retinal tissue of a patient with diabetic retinopathy, macular 
degeneration or neovascular glaucoma and the angiogenesis 
to be inhibited is retinal tissue angiogenesis where there is 
neovascularization of retinal tissue. 

In an additional related embodiment, a tissue to be treated 
55 is a tumor tissue of a patient with a solid tumor, a metastases, 
a skin cancer, a hemangioma or angiofibroma and the like 
cancer, and the angiogenesis to be inhibited is tumor tissue 
angiogenesis where there is neovascularization or a tumor 
tissue. 

60 Inhibition of tumor tissue angiogenesis is a particularly 
preferred embodiment because of the important role neovas- 
cularization plays in tumor growth. In the absence of 
neovascularization of tumor tissue, the tumor tissue does not 
obtain the required nutrients, slows in growth, ceases addi- 
65 tional growth, regresses and ultimately becomes necrotic 
resulting in killing of the tumor. Slated differently, the 
present invention provides for a method of modulating 



c 



€ 



6,159,- 

23 

tumor nco vascularization by modulating tumor angiogcncsis 
according to the present methods. Similarly, the invention 
provides a method of modulating tumor growth by practic- 
ing the angiogenesis-modulating methods. 

r rtie methods are also particularly effective against the 5 
formation of metastases because (1) their formation requires 
vascularization of a primary tumor so that the metastatic 
cancer cells can exit the primary tumor and (2) their estab- 
lishment in a secondary site requires neovascularization to 
support growth of the metastases. 10 
II. Imaging Techniques 

A diagnostic imaging method is contemplated in accor- 
dance with the present invention. The method pertains to the 
delivery of an imaging agent to a target tissue in a vertebrate 
subject, and comprises: (a) exposing the target tissue to 15 
ionizing radiation; (b) administering a delivery vehicle to the 
vertebrate subject before, after, during, or combinations 
thereof, exposing the target tissue to the ionizing radiation; 
and (c) delecting the imaging agent in the target tissue. The 
delivery vehicle comprises an imaging agent, and aggregates 20 
in the target tissue to thereby deliver the agent to the target 
tissue so that the imaging agent can be detected. 

In a preferred embodiment of a diagnostic imaging 
method of the present invention, the target tissue comprises 
a neoplasm. As described hereinabove, it is contemplated 25 
that any neoplasm can be selectively targeted for delivery of 
an imaging agent in accordance with the method of the 
present invention. 

According to the imaging method of present invention, 
imaging agents arc useful in diagnostic procedures as well as 30 
in procedures used to identify the location of cells of a target 
tissue, such as metastasized neoplastic cells. Imaging can be 
performed by many procedures well-known to those having 
ordinary skill in the art and the appropriate imaging agent 
useful in such procedures and as are described in detail 35 
herein above may be loaded in delivery vehicles as also 
described in detail herein. Imaging can be performed, for 
example, by fadioscintigraphy, nuclear magnetic resonance 
imaging (MRI) or computed tomography (CT scan). The 
most commonly employed radionuclide imaging agents 40 
include radioactive iodine and indium. 

Imaging by CT scan may employ a heavy metal such as 
iron chelates. MRI scanning may employ chelates of gado- 
linium or manganese. Additionally, positron emission 
tomography (PET) may be possible using positron emitters 45 
of oxygen, nitrogen, iron, carbon, or gallium. 

The following Laboratory Examples have been included 
to illustrate preferred modes of the invention. Certain 
aspects of the following Laboratory Examples arc described 
in terms of techniques and procedures found or contcm- 50 
plated by the present inventor to work well in the practice of 
the invention. These Laboratory Examples are exemplified 
through the use of standard laboratory practices of the 
inventor. In light of the present disclosure and the general 
level of skill in the art, those of skill will appreciate that the 55 
following Laboratory Examples are intended to be exem- 
plary only and thai numerous changes, modifications and 
alterations can be employed without departing from the 
spirit and scope of the invention. 

60 

EXAMPLE I 

P-sc lectin Accumulation in the Lumen of Irradiated 
Blood Vessels 

Ionizing radiation induces the inflammatory response in 65 
part through leukocyte binding to cell adhesion molecules 
that are expressed on the vascular endothelium. The effects 
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of x-irradiation on the pattern of immunohistochcmical 
staining of CD62P (P-se lectin) was studied. P-se lectin was 
localized within cytoplasmic granules in the untreated vas- 
cular endothelium. P-selectin immunohistochemical stain- 
ing was observed at the luminal surface of vascular endot- 
helium within one hour of irradiation. Increased P-selectin 
staining at the blood tissue interface occurred primarily in 
pulmonary and intestinal blood vessels. 

To determine whether P-selectin localization at the vas- 
cular lumen occurs through exocytosis of endothelial cells 
stores in addition to platelet aggregation, the vascular endot- 
helium from the circulation were removed and endothelial 
cells were irradiated in vitro. The mechanisms by which 
ionizing radiation induced translocation of P-sclcctin were 
studied by using immunofluorescence of human umbilical 
vein endothelial cells (HUVEC) and confocal microscopy. 
Prior to irradiation, P-selectin is localized in cytoplasmic 
reservoirs of HUVEC. Following irradiation of HUVEC, 
P-selectin was translocated to the cell membrane, where it 
remained tethered. The threshold dose required for translo- 
cation of P-selectin to the cell membrane was 2 Gy. 

To determine whether P-selectin in Weibel-Palade bodies 
requires microtubule-dependent membrane transport, micro- 
tubule depolymerizing agents, colcemid and nocodozol, 
were added. Microtubule-depolymerizing agents prevented 
radiation-induced P-selectin translocation to the cell mem- 
brane. Thus, P-selectin accumulates in irradiated blood 
vessels through both platelet aggregation and microtubule 
dependent exocytosis of storage reservoirs within the vas- 
cular endothelium. 

MATERIALS AND METHODS 

Cell lines. Human umbilical vein endothelial cell 
(HUVEC) cultures were prepared from fresh (<24-hour-old) 
human umbilical veins transported to the laboratory in 
sterile buffer at 4° C. as described by Hallahan et al., 
Biochemical & Biophysical Research Communications 
217:784-795 (1995) and by Hallahan et ah, Cancer 
Research 56:5150-5155 (1996). The vein was cannulated. 
filled with 0.2% collagenase, and incubated at 37° C. for 15 
minutes. Cells were flushed and complete medium was 
added, followed by centrifugation at 2000 rpm for 5 min. 
r l*he cell pellet was resuspended and maintained in Ml 99 
with 10% fetal calf serum, 10% human serum, and pen/ 
strep/amphotericin B solution (Sigma) on gelatin -coated 
(0.2%) tissue culture dishes at 37° C. in 5% C0 2 . The purity 
of endothelial cell cultures was verified by staining for factor 
VIII. Confluent cells were harvested with 0.1% collagenase 
0.01% EDTA and subcultured at a ratio of 1:3. HUVECs 
were used at third passage; this reduced the number of 
passenger cells and allowed for uniform expression of 
cellular adhesion molecules. Thrombin was purchased from 
Sigma. 

Immunofluorescence microscopy of P-selectin in endot- 
helial cells. Primary-culture vascular endothelial cells were 
grown to 80% confluence on glass slides. During inhibition 
experiments, HUVEC were incubated with colcemid (500 
nM) or nocodozol (500 nM) for 20 minutes prior to irradia- 
tion. Cytochalazin-B (1 mM) was added for60 minutes 
before irradiation. Cells were treated with either thrombin or 
gamma irradiation from a 60 Co source (GAMMACELL™ 
220) as described by Hallahan, D. E. et al., Biochemical & 
biophysical Research Communications 217:784-795 ( 1995) 
and by Hallahan, D. E. et al., Cancer Research 
56:5150-5155 (1996). After treatment, HUVEC were fixed 
with 4% paraformaldehyde for 10 min at room temperature, 
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washed 3 times with antibody buffer (4 gm bovine serum 
albumin, 0.1 gm sodium azide, 0.75 gm glycine, and 100 /d 
PBS) and 2 times in Hanks salt solution. Non-specific 
binding of antibody was blocked with 50% goal serum for 
30 min at 37° C. in a humid chamber. 

Cells were then washed with antibody buffer and Hanks 
salt solution and incubated with 100 fA of 10 //g/mL anti- 
P-sclectin primary antibody (Pharmingen, catalog #0936 1A, 
rabbit anti-human) for 2 to 3 hours at 37° C. in a humid 
chamber. Cells were then washed with antibody buffers and 
Hanks solution and incubated with 10 fA of a 1:300 dilution 
of FITC conjugated goat anti-rabbit IgG (cat. #L4200l) for 
30 min. Cells were washed, countcrstaincd with DAPI, and 
mounted with anti-fade mounting medium. After washings, 
cells were visualized with a Zeiss Photomicroscope HI 
fluorescence microscope for incident-light excitation. Slides 
were mounted and examined for fluorescence and by phase 
microscopy. 

Using images of cells from a 100X objective using 
confocal microscopy, fluorescence intensity was measured, 
in pixels, on the cell membrane. Fluorescence intensity was 
measured by N1H Image software as described by Hallahan, 
D. E. and Virudachalam, S., Proc. Natl. Acad. Sci. USA 
94:6432-7 (1997). Ten randomly selected cells were 
imaged. Experiments were performed 3 to 4 times. All data 
were analyzed by use of CHI SQUARE STATISTICA™ for 
WINDOWS® software (StatSoft, Inc., Tulsa, Okla.). 

Irradiat ion of mice. C57BL6 Mice (Jackson Laboratories) 
were irradiated as described by Hallahan, D. E. and 
Virudachalam, S., Cancer Research 57, 2096-2099 (1997) 
and by Hallahan, D. E. and Virudachalam, S.„ Proc. Natl. 
Acad. ScL USA 94:6432-7 (1997). Briefly, mice were immo- 
bilized in a lucite tube. Lead was shaped over the abdomen 
during thoracic irradiation and over the thorax during 
abdominal irradiation. The chest or abdomen were irradiated 
with 10 Oy at the rate of 2 Gy per minute losing 150 kv 
x-rays from a General Electric MAXJTRON™ generator. 
Ten, 30, 60, or 120 minutes after irradiation, mice were 
euthanized by intraperitoneal injection of xylazine and ket- 
amine. Tissues were fixed in formalin and embedded in 
paraffin. Tissue blocks were then sectioned in 5 fivn thick 
sections. 

Immunohistochemistry. Tissue sections were baked at 60° 
C. for 1 hour, cleared in xylene, and hydrated through a 
descending alcohol series to distilled water. For P-se lectin 
and CD45 immunostaining, the hydrated sections were 
incubated with Protease I (Ventana Biotech, Tucson, Ariz.) 
for 8 minutes at 42° C. For ICAM immunostaining, the 
hydrated sections were incubated with Protease II (Ventana 
Biotech) for 8 minutes at 42° C. After brief washing in 
ddH 2 0, endogenous activity was blocked by treatment of 
the sections with 3% hydrogen peroxide in methanol for 20 
min. Two tissue sections from each mouse were then incu- 
bated overnight at 4° C. at a titer of 2.5 jUg/mL for anti-P- 
sclectin antibody (Pharmingen,San Diego, Calif.). One slide 
from each sample was treated in a similar fashion and 
incubated overnight in normal serum immunoglobulin 
(Ventana Medical Systems, Tucson, Ariz.). 

'Hie immunohistochemical staining was performed on a 
Ventana GENU™ system (Ventana Medical Systems). The 
Ventana GENU™ system uses an indirect strepavidin- 
biotin system conjugated with horseradish peroxidase for 
detection of the immunocomplex and diaminobenzidine as a 
substrate for localization. The Ventana GENU™ system 
uses a cartridge delivered avidin/biolin blocking kit to block 
endogenous biotin. The immunostained sections were coun- 
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terstained with hematoxylin, dehydrated through an ascend- 
ing alcohol series, cleared, and coverslipped. Tissue sections 
were imaged using 40X objective lens. 

RESULTS 

Localization of P-selectin to the blood-tissue interface in 
irradiated blood vessels. To determine whether ionizing 
radiation altered the immunostaining pattern of P-selectin, 
C57BL6 mice were treated with thoracic irradiation (10 Gy). 
During immunohistochemical analysis of the irradiated 
tissues, it was observed that P-selectin protein in the vas- 
cular endothelium was localized to the tissue-blood interface 
at one hour after irradiation. Prior to irradiation, P-selectin 
staining was localized to the endothelial cells, but it was 
redistributed to the tissue-blood interface within 1 hour of 
irradiation. Leukocytes localized with redistributed 
P-selectin at the blood-tissue interface in irradiated pulmo- 
nary vessels. 

To determine whether P-selectin red istribu lion to the 
vascular lumen after irradiation is specific to the lung, tissue 
sections from irradiated small intestine and colon were 
studied. The irradiated small intestine showed P-selectin 
localized to the blood-tissue interface at one hour after 
irradiation. Likewise, the vascular endothelium within the 
irradiated large intestine showed P-selectin localized to the 
vascular lumen. 

. To study the duration of P-sclcctin translocation to the 
luminal surface of irradiated blood vessels, later time points 
were studied. P-selectin localization, to the blood-tissue 
interface persisted at 6 hours. after irradiation. P-selectin is 
also present in the granules of platelets and was therefore 
observed within platelet aggregates that were first observed 
within irradiated blood vessels at 6 hours after irradiation. At 
24 hours, P-se lectin immunohistochemistry revealed stain- 
ing of platelet aggregates within irradiated blood vessels of 
the lung. Platelet aggregation was transient, and resolution 
began by 48 hours after irradiation. At 24 hours after 
irradiation, leukocytes adhered to P-selectin within platelet 
aggregates. 

Radiation-induced P-sclcctin exocytosis in irradiated 
endothelial cells. To determine whether radiation-induced 
P-selectin accumulation in the vascular lumen was specific 
for vascular endothelium in vivo, primary-culture HUVEC 
were irradiated. The in vitro endothelial cell model provides 
a means to study direct effects of ionizing radiation on the 
vascular endothelium by removing platelets, leukocytes and 
thrombin. Immunofluorescence microscopy allowed the 
visualization of P-selectin in endothelial cells. 

P-selectin was compartmentalized in Weibel-Palade 
bodies, which underwent membrane transport to the cell 
membrane after exposure to ionizing radiation. Prior to 
irradiation, P-sclcctin was localized to storage reservoirs 
within the cytoplasm of endothelial cells. At 15 minutes after 
irradiation (2 Gy), WPB began translocation to the cell 
apical membrane. Translocation of P-selectin to the cell 
membrane was complete at 30 min after irradiation. 
P-selectin remained tethered to the cell membranes at 60 
minutes after exposure to 2 Gy and P-selectin immunofluo- 
rescence stained in a starry sky pattern. 'Hie increased 
intensity of immunofluorescence after exocytosis may be 
due to increased accessibility of epitopes once P-selectin is 
translocated to the cell membrane. P-selectin LLISA analy- 
sis of medium showed no release of P-se lectin into the 
medium at I, 2, 4, 6 or 24 hours after irradiation. 

To determine whether radiation-induced P-seleclin trans- 
location is dose -tie pendent, IlUVliC were treated with 1, 2 
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and 5 Gy. Con focal microscopy was used to measure immu- 
nofluorescence on the cell surface, which was quantified by 
N I I I Image software. There was minimal WPB exocytosis in 
response to I Gy, but it was observed that 2 Gy was 
sufficient to induce P-sclectin translocation to the cell mem- 
brane of endothelial cells. Higher doses induced no more 
rapid or efficient translocation than 2 Gy, indicating that 
there is minimal dose dependence in x-ray-induced 
P-sclectin translocation. 

P-selectin immunofluorescence of endothelial cells 
treated with microtubule depolymerizing agents. Membrane 
transport of storage reservoirs requires motor protein track- 
ing over the cytoskclcton, as described by Eydcn, B. P., 
Journal of Submicroscopic Cytology & Pathology 25: 145-8 
(1993) and by Sinha, S. and Wagner, D. D., European 
Journal of Cell Biology 43:377-83 (1987). To determine 
whether microtubules or act in are required for radiation - 
induced exocytosis of P-selectin, the microtubule depoly- 
merizing agents, colcemid and nocodozol, or the aclin 
antagonist cytochalasin-B were utilized. HUVEC were pre- 
treated with these agents for 40 m in followed by irradiation. 
I mmuno fluorescent confocal microscopy showed P-selectin 
translocation to the cell membrane of irradiated HUVEC. At 
60 min following irradiation, HUVEC treated with radiation 
alone showed the starry sky pattern of immunofluorescence 
of P-selectin on the cell membrane. 

The microtubule depolymerizing agents colcemid and 
nocodozol inhibited x-ray induced translocation of 
P-selectin and showed P-selectin localized to cytoplasmic 
storage reservoirs in a pattern similar to untreated control. 
Conversely, cells prctrcatcd with cytochalasin-B showed no 
inhibition of P-selectin translocation. Localization of 
P-selectin on the cell membrane was quantified by use of 
immunofluorescence confocal microscopy, which was quan- 
tified by NIH Image software. This showed an 8- fold 
increase in P-selectin immunofluorescence on the cell 
surface, which was abrogated by Coicemid and nocodozol, 
but not the actin antagonist cytochalasin-B. 

EXAMPLE 2 

Absence of P-selectin Immunostaining in the 
Vascular Endothelium is Associated with the 
Attenuation of Radiation-induced Platelet 
Aggregation 

P-selectin is an adhesion molecule sequestered in storage 
reservoirs in platelets and vascular endothelium and rapidly 
undergoes exocytosis following x- irradiation. P-selectin 
adheres to sialylated molecules on the surface of leukocytes 
to slow the flow of the cells and begin leukocyte activation. 
To determine whether a P : sc lectin contributes to the radia- 
tion response, the immunohistochemical pattern of staining 
of P-se lectin in irradiated tissues was studied- Prior to 
x-irradiation, P-selectin is present within the vascular endot- 
helium. Within one to two hours, P-sclectin stains along the 
blood -tissue interface. At four to six hours after irradiation, 
P-selectin staining tilled the vascular lumen in a pattern 
consistent with platelet aggregation. 

To verify that platelet aggregation was present in these 
irradiated blood vessels, tissue sections underwent immu- 
nohistochemical staining with anti-GPHIa antibodies that 
stained platelets. No P-sc lectin or G PI I la staining was found 
in the brain or kidney, but both P-sclcctin and GPIlla 
staining were present in the irradiated lung, intestine and 
tumor vessels. The P-selectin knockout mouse was used to 
study platelet aggregation (i.e. GPIlla accumulation) in the 
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absence of P-selectin staining in the vascular endothelium. 
'Hie GPIlla staining was not localized to the lumen of 
irradiated blood vessels in the knockout mouse, but extrava- 
sated into the irradiated lung, and tumors. Knockout of the 
5 P-sclectin gene leads to extravasation of blood components 
to the irradiated tissues. 

MATERIALS AND METHODS 

Irradiation of Mice. P-sclectin knockout mice, prepared as 

10 described by Mayadas et al. Cell 74:541-54 (1993), were 
obtained from Jackson Laboratories. Mice were bred in the 
transgenic mouse core laboratory at Vandcrbilt University, 
Nashville, Tenn. Five- to six-week-old mice were irradiated 
as described by Hallahan, D. E. and Virudachalam, S., 

15 Cancer Research 57:2096-2099 (1997) and by Hallahan, D. 
E. and Virudachalam, S., Proc. Natl Acad. ScL USA 
94:6432-7 (1997). Briefly, mice were immobilized in Iucite 
cylinders. I.ead shielding was used to eliminate dose to the 
abdomen during thoracic irradiation. Likewise, thoracic 

20 shielding was used during abdominal irradiation. Mice were 
treated with 250 KV x-rays using a General Electric MAX- 
1TRON™ generator al a close rate of 2 Gy per minute. After 
irradiation, mice were euthanized by intraperitoneal injec- 
tion of xylazine and ketamine. Tissues were excised and 

25 analyzed for platelet aggregation at 6, 24 and 48 hours after 
irradiation. Tissues were fixed in formalin and embedded in 
paraffin. 

Immunohistochemlstry of Tissue Sectioas. Tissue sec- 
tions were baked at 60° C. for 1 hour, cleared in xylene, and 

30 hydrated through a descending alcohol series to distilled 
water. After brief washing in distilled H 2 0, endogenous 
activity was blocked by treatment of the sections with 3% 
hydrogen peroxide in methanol for 20 minutes. Two tissue 
sections from each mouse were then incubated overnight at 

35 4° C. at a titer of 2.5 /ig/mL for anti-P-selectin antibody 
(Pharmingen, San Diego, Calif.) or platelet antibody anti- 
GP-HIa (Pharmingen, San Diego, Calif.)- Increased GP-IIIa 
staining as compared to untreated controls determined the 
presence of platelet aggregation. One section from each lung 

40 was treated in a similar fashion and incubated overnight in 
normal scrum immunoglobulin (Vcntana Medical Systems, 
Tucson, Ariz.). The immunohistochemical staining was per- 
formed on a Ventana GENII 71 ! 1 system (Ventana Medical 
Systems) which uses an indirect strepavidin-biotin system 

45 conjugated with horseradish peroxidase for detecting the 
immunocomplex and diaminobenzidine as a substrate for 
localization, as well as a cartridge delivered avidin/biotin 
blocking kit to block endogenous biotin. 'Die immun- 
ostained sections were counlerstained with eosin and 

50 hematoxylin, dehydrated through an ascending alcohol 
series, cleared, and coverslipped. 

Immunofluorescence Staining of platelet aggregates in 
irradiated blood vessels. Immunofluorescence staining was 
performed as described by Hallahan, D. E. and 

55 Virudachalam, S., Cancer Research 57:2096-2099 (1997) 
and by Hallahan, D. E. and Virudachalam, S., Pmc. Natl 
Acad. ScL USA 94:6432-7 (1997). 'lissue sections (5 /mi) 
were mounted on slides and labeled with anli-GP-HIa anti- 
bodies as described above. After incubation with biotiny- 

60 lated secondary antibody, sections were incubated with 200 
fi\ of Avidin-Cy3 ( l0/*g/mL) for 30 min in a humid chamber 
at room temperature. Avidin-Cy3 (Amcrsham), 5 /<g/mL was 
added to 200 /<L of blocking buffer and filtered through a 
0.2-;tm Millipore filter, before addition of the fluorochromc 

65 to slides. Coverslips were removed, and sections were 
washed with 4X SSC/0.1% solution of a detergent sold 
under the registered trademark TRITON© X by Rohm and 
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Mass Company of Philadelphia, Pa. at room temperature. 
Slides were counte retained in DAPl and rinsed with 2X SSC 
lor 10 seconds. Covcrslips were then placed on slides with 
antifadc and blotted, lmmunofluorescent images were visu- 
alized with a Zeiss Photo microscope III fluorescence micro- 
scope. 

Platelet aggregation was quantified by measuring fluores- 
cence intensity in blood vessels of tissue stained with 
anti-GPIIIa antibody (Pharmingen, San Diego, Calif.). 
Blood vessels were identified by auto-fluorescence of red 
blood celts using green filter. The filter was then changed to 
red wavelengths so that Cy3 stained platelets could be 
quantified. Fluorescence intensity within blood vessels mea- 
sured using 40X objective microscopic images of tissues 
sections. Ten blood vessels in each tissue section were 
photographed using CCD camera. Fluorescence intensity 
was measured by NTH Image software as described by 
Hallahan, D. E. and Vinidachalam, S., Cancer Research 
57:2096-2099 (1997) and by Hallahan, D. E. and 
Vinidachalam, S., Proc. Natl. Acad. Sci. USA 94:6432-7 
(1997). Platelet aggregates were defined as the presence of 
increased GP-IHa staining in blood vessels. The percentage 
of blood vessels with GP-IIIa staining was determined in 4 
mice, each treated with x-rays or sham irradiation. A total of 
10 vessels in each of 4 mice (40 vessels) were measured. All 
data were analyzed by use of Students Paired T-test. 

Tumor implantation in rodents: GL-261 glioma cells were 
maintained in F-12/DME 50% mixture and 7% fetal calf 
serum, and penicillin and streptomycin. Subconfluent tumor 
cells were trypsinized, washed, and injected subcutancously 
into the hindlimb of C57BL6 mice (Jackson Labs). Tumors 
were grown to 400 mm 3 . Tumors were treated with 
x-irradiation using 250 kV x-rays as described by Hallahan, 
D. E. et al., Nature Medicine 1:786-791 (1995). Tumors 
were treated with 10 Gy at a dose rate of 1 Gy per minute. 

P-se lectin -/- mice were obtained from Jackson labora- 
tories (Bar Harbor, Me.). GL261 cells (10 6 ) were injected 
subcutaneously into the hindlimb of P-selectin -/- mice. 
Tumors were growth to a volume of 400 mm 3 and irradiated 
with 10 Gy. At 6 and 24 hours following irradiation, mice 
were euthanized by intraperitoneal injection of xylazine and 
ketamine. Tumors were fixed in formalin and embedded in 
paraffin. Tumors were sectioned and stained with the anti- 
GPIIIa antibody as described above. 

RESULTS 

Histologic Pattern of P-selectin Expression in Irradiated 
Tissues. To determine whether platelet aggregation in irra- 
diated blood vessels was associated with WPB exocytosis, 
immunohistochemical analysis of P-selectin, one of the 
WPB components was utilized. C57BL6 mice were treated 
with thoracic irradiation and tissues were fixed at the indi- 
cated times. Prior to irradiation, P-sclcctin was localized to 
the vascular endothelium. Within 60 minutes of irradiation, 
P-sc lectin was localized to the blood-tissue interface. 
P-se lectin staining extended into the vascular lumen. Al 4 
hours after irradiation, P-selcctin in platelet aggregates was 
stained within these blood vessels. Platelet aggregation 
continued to accumulate in irradiated blood vessels over 24 
hours. 

Association of radiation-induced platelet aggregation 
with P-selectin staining. To different iate between P-selcctin 
in platelets and P-scleclin in the endothelium, an anti-GPIIIa 
antibody to platelets was utilized. GPU la staining showed no 
platelet aggregation al one hour, indicating that x-ray 
induced intraluminal P-selectin may be of endothelial origin 
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at this early lime point. To quantify platelet aggregation, 
tissue sections from irradiated lungs with anti-GPIIIa anti- 
body were stained. The percentage of irradiated blood 
vessels with platelet aggregates increased over time. Four 

5 hours after irradiation, 40% of blood vessels showed platelet 
aggregation. The percentage of pulmonary vessels with 
aggregates increased to 75% at 24 hours (p=0.0l). 
Thereafter, platelet aggregation decreases. 

Platelet aggregation is attenuated by antibodies to 

10 P-selectin and is markedly delayed in P-selectin -/- mice, as 
described by Subramaniam et al., Blood 87:1238-42 (1996) 
and by Boukerche, H., British Journal of Haematology 
92:442-51 (1996). To determine whether P-selectin staining 
in the vascular endothelium is associated with platelet 

15 aggregation, the number of platelet aggregates in untreated 
murine blood vessels that stained positively for P-selectin 
were studied, as compared to tissues without P-selectin. 
P-selectin staining was found in large pulmonary blood 
vessels, but not in the pulmonary capillary endothelium. 

20 P-selectin staining was also observed in the irradiated small 
intestine endothelium. P-selectin staining was not observed 
in the irradiated brain or kidney. 

To determine whether P-selectin staining was associated 
with radiation-induced platelet aggregation, platelets were 

25 quantified using anti-GPIIIa antibody and immunofluores- 
cence. The brain, lung, kidney, small intestine and large 
intestine were each irradiated and tissues were excised at 24 
h after irradiation. Platelet aggregation in irradiated blood 
vessels was quantified by GPIHa immunothoracense. Tis- 

30 sues with no P-selcctin staining showed an increase in 
GP-IIIa staining in 8% (brain) and 5% (kidney) as compared 
to tissues with P-selectin staining in the endothelium 75% 
(lung), 85% (small intestine) and 88% (large intestine)(p= 
0.002). Moreover, the pulmonary microvascular endothe- 

35 lium did not contain P-selectin and did not show platelet 
aggregation. 

Absence of radiation induced platelet aggregation in 
blood vessels of P-selectin -/- mice. To determine whether 
P-sclcctin is required for radiation-induced platelet 

40 aggregation, P-sclcctin knockout mice were irradiated and 
stained for platelets utilizing the platelet antibody anti-GP 
Ilia. Marked attenuation of platelet aggregation in intestines 
of irradiated P-selectin knockout mice. Immunohistochemi^ 
cal staining for platelet antigens was utilized to measure of 

45 the difference in platelet aggregation in the P-selectin knock- 
out mouse as compared to the P-se lectin +/+ mouse. FACS 
analysis of platelets was performed by use of anti-GPIIIa 
antibody staining of washed blood components and showed 
no difference in GPlIIa platelet staining between wild-type 

50 and knockout mice. In tissue sections from control mice, 
there was no difference in the fluorescence pattern when 
wild-type mice as compared to the knockout mice. Increased 
platelet aggregation in blood vessels was observed at 6 hours 
following irradiation of wild-type mice. The percentage of 

55 blood vessels with platelet aggregation was abrogated in the 
P-selectin knockout mouse. Radiation-induced platelet 
aggregation was present in 10% of blood vessels as com- 
pared to 85% in wild type mice. 

To determine whether x-ray-induced platelet aggregation 

60 is also attenuated in angiogenic blood vessels in P-selectin 
-/- mice, syngeneic tumors were induced in the hind Imibs 
of P-sc lectin +/+ mice and knockouts. GL261 gliomas were 
induced in P-sclcctin -/- and P-sclcctin +/+ C57BL6 mice. 
Untreated control tumors showed no difference in baseline 

65 staining for GPIIIa. Following x-irradiation with 10 Gy, 
tumors were sectioned and stained for GP-IIIa. Irradiated 
tumors in P-se lectin +/+ mice showed platelet aggregation al 
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6 h. Tumors in P-sclectin -/- mice, however, showed no GL261 glioma cells were maintained in an F-L2/DME 50% 

increase in GP-IIIa staining in blood vessels at 1, 4, 6 or 24 mixture and 7% fetal calf scrum, and pen/strep. Ihe human 

hours after irradiation as compared to untreated controls. colon carcinoma cell line WIDR was maintained in MEMa, 

GPIIU staining showed that platelets extravasated from ,% NliAA and 10% fclal calf scrum ' and Pcn/strcp. 

irradiated blood vessels into irradiated tissues. Red blood 5 Tumor induction in rodents Subconfluent tumor cells 

cells also extravasated into irradiated tissues. Platelets and were trypsin ized washed, and injected subcutaneously into 

RBC's within the lungs of irradiated P-sclectin -/- mice the hind limbs of mice. MCA4 tumors were excised, minced, 

were also studied. P-selectin -/- mice treated with 10 Gy and ™ P ^ b ^ r ™ needle subcutaneously 

, . . .. .. , , , . . . . . into the hind limbs of C3H mice (Jackson l^abs). I jewis lung. 

thoracic irradiation developed tachypnea and respiratory . .. .... ....... ^ 

distress within seven days. In contrast, P-selectin + / + mice m ^ ( 10 > were injected into the h,nd limbs of 

. , ., * • . j-« r ii • 1 ^ r> C57BL6 mice (Jackson Labs). Rat Co cells were miected 

showed no evidence of respiratory distress following 16 Gy .... , n c« nu\ \ /^u i » «n • , 

• . .. f ■ - t t • ci c mto Wislar rats (250-300 g) (Charles River, Wi mington, 

thoracic irradiation. Histologic sections of lungs from . __ v . =*' v ' b ' 

„ . , • . . r t| . . ». „- , Mass.). Human colon carcinoma WIDR cells (10 ) were 

P-sc lectin -/- mice at seven days following irradiation show . . ' . . . T . ^ ^ 

, , . . , i- i . . ■» i y • injected into nude mice (Jackson Labs). Tumors were grown 

hemorrhage into the alveoli. In contrast, P-sc lectin +/+ mice 4 J . r , . V,™ . l . 3 • . 

, , PUI . ... * i ■ | c to a volume of about 300 to about 500 mm J prior to 

show no extravasation of blood components into the irrad i- 15 , . t ... A ,. F 

... treatment with radiation or cytokines, 

ated lung. ...... 

Treatment of tumors with x- irradiation. Tumors were 

EXAMPLE 3 treated with 250 kV x-rays as described by Hallahan, D. E. 

et al., Nature Medicine 1 :786 (1995), with 2, 4, or 10 Gy at 

X- Ray-Induced P-Se lectin Localization to the 2 o a dose rate °f 1 ^ v P*^ minute. At 1,6, and 24 hours after 

Lumen of Tumor Blood Vessels irradiation, mice were sacrificed by intraperitoneal injection 

"... .1 j. • i i .i. . • . of xylazine and ketamine. 

P-selectin is a cell adhesion molecule that is sequestered T J ..... . 

in Weibel-Palade storage reservoirs within the vascular Jtamunohrctochemical sta.m D g for express.on of cell 
endothelium and a granules in platelets. P-selectin is rapidly adhesio ° molecules. Formalin fixed tumors were embedded 

translocated to the vascular lumen after tissue injury to 25 "J P ar f ffin bXo ^ n ^^^l^ ? Y 
initiate the adhesion and activation of platelets and leuko- placed «nto SUPERFROST PLUS™ glass slides (Fisher 
cytes. In this Example, the histologic pattern of P-*electin Scientific). Tissue sections were baked at 60 C. for 1 hour, 
expression in irradiated tumor blood vessels was studied. Reared ,n x y | f ne ' an 1 d h y drat f d thr l ou 8 r h a descending alco- 
P-selectin was localized within the endothelium of tumor ho ' scnes lo dlsU,,ed wate u r : h " cf wash,n S ddH 2°> 

vessels prior to irradiation. At one to six hours following 30 endogeoous activity was blocked by treatment of the sec- 
irradiation, P-selectin was mobilized to the lumen of blood !i ons WIth 3% h .y dro & en P" 03 ^ ,n methan ° 1 for 20 u m,n : 

Two tissue sections from each case were then incubated 

overnight at 4° C at a concentration of 2.5 /(g/mL for 

-<~ • anti-P-selectin monoclonal (Pharmigen, San Diego, Calif.) 

localizationof P-selectin .was tumor type-speci Be or speaks- 35 and anti-GP-IIIa (Pharmigen, San Diego, Calif .) monoclonal 

specific, tumors m rats, C3H mice, C57BL6 mice and nude antibodies . 0 ne slide from each sample was treated in a 

mice were studied. P-selectin localization to the vascular simUaf fashion and incu5ated overnight m DOrmal 

lumen was present in all tumors and all species studied. immunoglobulin (Ventana Medical Systems, Tucson, Ariz.). 

Irradiated intracranial gliomas showed P-selectin locahza- Thc immunohistochcmical staining was performed on a 

lion to the vascular lumen within one hour, whereas blood ^ Vcntana GENU tm systcm (Vcntana Medical Systems). Thc 

vessels in normal brain showed no P-selectin staining in the Vcntana GEN11 ™ uscs an indircct s trcpavi din-bio tin sys- 

endothehum and no localization to thc irradiated vascular lem conjuga ted with horseradish peroxidase for detecting 

lumen Radiation- induced P-selectin localization to the vas- the imra unocomplex and diaminobenzidine as a substrate for 

cular lumen increased in time-dependent manner, until 24 i ocalizatioD . Ventana GENII™ uses a cartridge deliv- 

hours after irradiation. 45 ered avidm/oiotin blocking kit to block endogenous biotin. 

P-sclcctin in platelets may account for thc time dependent The immunostained sections were counterstained with 

increase in staining within thc vascular lumen after irradia- hematoxylin, dehydrated through an ascending alcohol 

tion. ImmunohLstochemistry for platelet antigen GP-IIIa was series, cleared, and coverslipped. Stained sections were 

utilized to differentiate between endothelial and platelet imaged under a 40x objective. All blood vessels throughout 

localization of P-selectin. It was found that GP-IIIa staining 50 the entire section were observed, and 3 to 5 sections were 

was not present at one hour after irradiation, but increased analyzed for each tumor. 

at 6 hours and 24 hours. P-selectin localization to the Brain tumor model. Intracranial gliomas were induced by 

vascular lumen al 6 to 24 hours was, in part, associated with stereotactic injection of rat C6 glioma cells into rat brains, 

platelet aggregation. ITiese findings indicate that radiation- Intracranial gliomas were allowed to grow for 14 days. C6 

induced P-selectin staining in thc vascular lumen of neo- 55 cclLs werc ma j n , ain ed in Mam's F10 medium with 15% 

plasms is associated with aggregation of platelets. horse serum, 2.5% fetal bovine serum, and 10 mM HEPCS. 

Radiation-induced localization of P-selectin to the vascular Crowing cells were irypsinized and resuspended in PBS al 

lumen is specific to the microvascular of malignant 10" cells/mL. Male Wislar rats (250-300 g) (Charles River, 

gliomas and is not present in the blood vessels of the Wilmington, Mass.) were anaesthetized with a mixture of 

irradiated normal brain. 60 ketarnine (y 0 mg/kg ) aod X yi a7 j ne ( L0 mg /kg) and placed in 

METHODS a slcrcotac ^ c fr amc (David Kopf Instruments, Tujunga, 

Calif.). Thc head was shaved and the skin incised, and a hole 

Maintenance of Tumor Cell Lines Tumors were induced was drilled in the skull with a 1.8 mm trephine (Pine Science 

by injection of tumor cells either subcutaneously or stereo- Tools Inc., Foster City, Calif.). Ten microliters of cell 

tactically into thc rat brain. Rat C6 glioma cells were 65 suspension were injected 4 mm beneath the surface of the 

maintained in Nam's P'lO medium with 15% horse serum, skull with a 50 /d Hamilton syringe 2 mm from the midline 

2.5% fetal bovine serum, and 10 mM IIIiPLS. Murine and 2 mm anterior to the coronal suture. 'Die skull was 



vessels. 

To determine whether radiation-induced vascular lumen 
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scaled with dental cement, the wound was stitched, and the 
animals were kept in separate cages for 2-3 days to prevent . 
mutilation, niirlcen days after implantation, the animals 
were irradiated under anesthesia with 6 Gy (head only) in a 
137 Cs irradiator at 3.95 Gy /min. At 1 , 6, 24, and 48 hours 5 
after irradiation, the animals were anesthetized again, and 
the brains were perfused with 10 mM sodium cacodylalc, pH 
7.0, 1.5% formaldehyde, 0.1% glutaraldehydc. The brains 
were further fixed in formaline, embedded in paraffin, and 
five micron sections processed as described. 10 

RESULI'S 

X-ray induced localization of P-se lectin to the lumen of 
tumor vascular endothelium. P-selectin is constitutively 
expressed in the endothelium of pulmonary blood vessels 15 
(Hallahan, D. E. ct al., Cancer Research 56: 5150 (1996)) 
and is sequestered in Wei be I Pa lade bodies and in storage 
reservoirs in the endothelium. To determine whether 
P-selectin is present in the vascular endothelium of tumors, 
immunohistochemistry for P-selectin was utilized. Blood 20 
vessels from mouse breast carcinoma tumors MCA4, mouse 
lung carcinoma (Lewis lung carcinoma), and human colon 
carcinoma xenografts (WIDR) were studied. P-selectin was 
present in the vascular endothelium of each of these tumors. 
'Jnis finding was independent of the implantation site (brain, 25 
flank, or hind limb), strain of mouse (C3H, C57BL6, or 
nude), and species (mouse versus rat). 

To determine whether radiation induces P-selectin local- 
ization to the endothelium and/or the vascular lumen of 3Q 
tumor blood vessels, tumors were treated with x-rays and 
immunohistochemical analysis was performed using anti-P- 
selectin antibody. Radiation- induced P-selectin mobilization 
to the vascular lumen was observed in all tumors including 
MCA4 in C3H mice, Lewis lung carcinoma in C57BL6 35 
mice, and WIDR tumor xenografts in nude mice. P-sclcctin 
localization to the vascular lumen occurred in all tumor 
types, . independent of the location of the tumor, strain of 
mouse, and species of rodent models. 

Radiation-induced P-selectin localization to the vascular 40 
lumen in G6 brain tumors. The vascular endothelium in the 
brain is distinct from the endothelium in peripheral tissues 
(Barkalow, F. J. et al., Blood 88:4585 (1996)). Moreover, 
Weibel-Palade bodies have been identified in blood vessels 
within gliomas (Miyagami, M. and Nakamura, S., Noshuyo 45 
Byori 13:107 (1996)). To determine whether malignant 
gliomas induced in the brain have a distinct P-selectin 
expression as compared to that in peripheral tumors, C6 
gliomas were induced in the brains of Wistar rats. The entire 
brain was irradiated with 6 Gy and sectioned at 1 and 6 hours 50 
after treatment. The normal brain blood vessels showed no 
P-seleclin in untreated controls or following irradiation. On 
the other hand, gliomas showed P-sclcctin staining in the 
endothelium of untreated tumors. At t hour after irradiation, 
P-sclcctin staining at the blood-tissue interface increased. At 55 
6 hours after irradiation, P-selectin staining in the lumen of 
blood vessels increased intensely. 

X-ray induced P-seleclin localization to the vascular 
lumen is dose-dependent, l*he vascular response to ionizing 
radiation is both dose- and time-dependent (Hallahan, D. E. 60 
ct al., Biochemical & Biophysical Research Communica- 
tions 217:784 (1995); Hallahan, D. E. et al., Cancer 
Research 56:5150 (1996); Hallahan, 0. E. & Virudachalam, 
S., Proc. Natl. Acad. Sci. USA 94:6432 (1997)). To deter- 
mine the threshold and plateau doses for induction of 65 
P-se lectin localization to the vascular lumen, I, 2, 4, 10 and 
20 Gy doses were utilized. No localization of P-selectin to 
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the vascular lumen in tumors treated with I Gy was 
observed. Efficient localization of P-se lectin to the vascular 
lumen occurred following irradiation with 2 Gy. 'Ihcrc was 
no increase in P-sc lectin localization to the vascular lumen 
or degree of staining at 1 hour, when higher doses of x-rays 
were used. This finding suggested that P-sclectin localiza- 
tion to the vascular lumen occurs at least about at I hour with 
a threshold dose of about 2 Gy. 

P-selectin staining increases in a time-dependent manner. 
Time-dependent P-seleclin staining in irradiated tumor 
blood vessels was studied to determine whether P-sc lectin 
expression increased over 24 hours. Tumors treated with 2 
and 10 Gy were compared. It was found that there was no 
increase in expression over 24 hours in tumors treated with 
2 Gy. On the other hand, 10 Gy did produce an increase in 
P-selectin staining that accumulated over 24 hours. 
P-selectin staining was present at a low baseline level at 1 
hour, and increased at 6 and 24 hours. 

Platelet staining with anti-GP-IIIa. As noted above, 
GP-UIa is a platelet antigen that is not found in the vascular 
endothelium. Anti-GP-Illa antibodies were utilized to deter- 
mine whether the time-dependent increase in P-selectin 
staining is due to platelet aggregation. Lewis lung carcinoma 
tumors in C57BL6 mice were irradiated and stained with 
anti-GP-IIIa antibody. Little GP-IIIa staining was found in 
blood vessels at 1 hour following irradiation. However, 
GP-IHa staining increased at 6 and 24 hour following 
irradiation. These findings indicate that the increased 
P-selectin staining within the vascular lumen of irradiated 
tumors was due to platelet aggregation. 

EXAMPLE 4 

Delivery of Platelet Vehicles to Irradiated Tissue in 
an Animal Subject 

In accordance with the present invention, a non-invasive 
method of imaging platelet aggregation using indium-Ill 
( J1J In)-labeled platelet scan was performed in an animal 
model (mice) and was successful. Mice were exposed to 
lethal doses of 10.5 Gy whole body radiation. Renal uptake 
was shown within 2 hours of irradiation. For 4 subsequent 
days, the uptake of 111 In platelets was significantly greater 
than in no n -irradiated controls. Ill is difference was ampli- 
fied if the platelets were injected 3 days after irradiation and 
remained constant for the following 4 days. 

EXAMPLE 5 

Delivery of Platelet Vehicles to Irradiated Tissue in 
a Human Subject 

Indium-Ill ( U1 ln)-labeled platelet scintigraphy has been 
extensively used in the study of thrombosis and platelet 
kinetics in human subjects. There arc two ligands that arc 
widely used and these arc oxinc and tropolonc. Both tech- 
niques preserve platelet function. In normal subjects, almost 
all of the radioisotope is bound to platelets. There is a 
significant reduction in radiolabeling efficiency and 
decreased percentage of 111 In bound to platelets in vivo for 
patients with platelet counts<150,000/ml. (Gianncssi, D. el 
al., Nucl. Med. Bioi 22(3):399-403 (1996)). 

As the two methods of labeling arc quite comparable and 
oxinc is commercially available and FDA approved for the 
study of platelets, m ln-oxine labeled platelets are utilized in 
this Example. The distribution of m In-Iabcled platelets has 
been studied in normal volunteers, and 11 'In platelet imag- 
ing is a diagnostic protocol already in place at many medical 
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facilities, including, for example, Vanderbilt Medical 
Center, Nashville, Tcnn. Radioactivity in the lungs, heart, 
spleen, kidneys and testes have been determined for up to 75 
hours after injection. After the first four hours, the activity in 
each of these organs, except liver and kidney, decreases at 
roughly the physical decay rate. The curves for the liver and 
kidney are flat and indicate continued accumulation of the 
radiotracer. The calculated mean radiation dose per unit 
administered activity is 0.6±0.7 rad/mCi for the total body 
and 34±6 rad/mCi for the spleen (Robertson, J. S. et al., 
Radiology 140(1): 169-176 (1981)). The safety of 1,1 In 
platelet scans in patients, including those with malignancies, 
has been well established (Oriuchi, N. ct al., European 
Journal of Nuclear Medicine 25(3): 247-252 (1998)). 

Although planar images can give excellent information 
about the uptake especially in lesions of the extremities, or 
head and neck region, the presence of background uptake in 
overlying and underlying normal tissues such as the liver, 
spleen, and heart make the interpretation of intrathoracic and 
intraabdominal lesions more difficult. To get a better defi- 
nition (i.e. improved contrast ratio) of three-dimensional 20 
(3D) uptake,, SPECT functional imaging, in conjunction 
with CT or MRI images, is utilized. SPECT imaging with 
111 In labeled autologous platelets has been shown to provide 
increased image contrast and improved quantification over 
planar images (Suga, K. et al., Clin Nucl Med 8:595-601 25 
(1996); Bacq, Z. M. et aL, Journal of 
Physiology273:42P-A3P (1977)). 

Patients are stratified between intracranial and peripheral 
tumors at the time of registration. In patients, 42 mL of 
whole blood is collected, and platelets arc separated and 30 
labeled with iU In oxinc (Thakur ML 981) as described 
below. Patients are injected with 121 In oxine platelets pref- 
erably as soon as possible. (Anticipate approximately two 
hours following obtaining blood sample) 

Patients are imaged 2-4 hours following injection of 35 
labeled platelets. Static images are obtained using a gamma 
camera fitted with a medium energy collimator peaked for 
173-247 keV and 20% energy window. This is the Pre-RT 
scan to determine the baseline uptake in untreated tumors. 
Patients then begin radiation therapy. The dose per fraction, 40 
as well as the total dose, arc determined by the treating 
radiation oncologist. 24-72 hours after injection of J11 In 
oxine platelet, the patient is re-imaged. This is the Post-RT 
scan. 

Radiation Therapy 45 

Modality: External beam photon irradiation 

Energy: 4-18 MV photon beams. Appropriate blocks, 
wedges, and bolus to deliver adequate dose to the planned 
target volume. Minimum source-axis distance of 80 cm. 

Treatment Volume: All patients will receive local-regional 50 
irradiation. Fields are designed to encompass sites of disease 
requiring palliation or primary treatment. All fields must be 
treated each day. 

Study, site, treatment intent and normal tissue consider- 
ations determine dose. Patients are stratified to either intrac- 55 
ranial or peripheral tumors and Inverse dose escalation is 
conducted in these two groups independently. When stereo- 
tactic radiotherapy is used, the dose is prescribed to the 
tumor periphery. 

Inverse ionizing radiation dose escalation of cohorts of 60 
3*: 

800-1200 cCSy/l fraction 
2000 cGy/5 fractions 

3000 cGy/10 fractions 65 
3500cC,y/l5 fractions 
6000 eGy/30 fractions 
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*Nole: A failure to detect 1 1 1 In is detected in tumors of three 
patients treated with 1000 cGy indicates that the alternative 
schema set forth herein below arc to be followed. The 
observation of J1J In uptake in tumors in 2 of 3 patients 
5 provides for the expansion of the cohort to a total of 6 
patients. The observation of 111 In uptake in tumors in 3 of 6 
or 1 of 3 patients indicates that the dose is below threshold 
and the alternative schema set forth herein below are to be 
followed. 

Dose Modifications And Management of Toxicity Dose 
modifications and management of toxicity secondary to 
radiation are left to the judgment of the treating radiation 
oncologist. No side effects arc expected from the 1X1 In oxine 
platelet scan. 

, Evaluation. Scans are evaluated degree of uptake on 
post-RT scans is compared to pre-RT scans on the same 
patient. The pharmacokinetics and pharmacodynamics of 
1J1 In uptake in tumors are determined by comparing scans 
obtained pre-RT to that obtained post-RT. If U1 ln is not 
visualized at a particular dose level, SPECT scanning is 
performed. 

Alternative Schema. Visualization of in In in fewer than 
2 of 3 or 4 of 6 patients suggests that platelets might have 
been inactivated by 131 In labeling. An alternative embodi- 
ment considers " m Tc labeling and pretreatment of platelets 
with DDAVP (depoprovcra). A greater number of fractions 
may be required to achieve platelet aggregation. Platelets 
may be given after the second and third fraction of irradia^ 
tion. The pharmacokinetics may be too brief for gamma 
camera detection, and thus, scans should be performed at 1 
to 6 hours after irradiation. 

Platelets might be sequestered in spleen, etc. If so, the 
schedule of administration is changed to radiation followed 
immediately by radiolabeled-platelet administration. 

Statistical Considerations. The observation of 1J1 In 
uptake in tumors in 2 of 3 patients provides for the expan- 
sion of the cohort to a total of 6 patients. The observation of 
U1 ln uptake in tumors in 3 of 6 or 1 of 3 patients indicates 
that the dose is below threshold and the alternative schema 
described above are followed. In either case, quantification 
of gamma-ray detection is measured. Pharmacokinetics of 
1J1 In uptake is determined by comparing scans from day 1 
to scans from day 2 at each dose level. 

Drug Formulation, Availability, And Preparation. As 
would be appreciated by one of ordinary skill in the art, 
preparation, handling, and safe disposal of radioactive 
agents are performed in a self-contained, protective envi- 
ronment. Unused portions of radiolabeled platelets are dis- 
carded in appropriate labeled containers. 
Drug Information. 

Drug name: Indium-Ul ( U1 ln) 
Availability: Amersham 

Storage and Stability: Platelets are preferably adminis- 
tered immediately after labeling with 1J1 In 

Toxicity: No anticipated toxicities. 
Platelet Labeling. 

Preparation. 42 ml, of whole blood collected in 8 ml, of 
modified squibb ACD solution. Transfer to two 50 mLsterile 
propyl propylene tubes without the plunger or needle and 
very gently resuspend the blood with a pipette. Centrifuge 
200 g maximum (900 RPM RC-3B) for 10 minutes. Separate 
platelet rich plasma (PRP), leaving 0.5-0.6 cm on the RBC 
layer and transfer to 12 mL sterile sarstedt conical tube. 
Centrifuge 1650 g maxim (2600 RPM) for 10 minutes. 
Transfer the platelet poor plasma (PPP) by pouring into 
sterile 12 ml , tube. Suspend the platelet pellet in 4-5 mLof 
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AGO saline and centrifuge for 5 minutes at 2600 RPM. 
Remove the supernatant and add 550-600 /iCi m In oxine 
with a sterile pipette to the platelet pellet. Mix with sterile 
pipette (5 gentle suctions up and down, do not introduce air 
bubbles. Incubate at room temperature for 20 minutes. 

Centrifuge the m In platelet tube at 1650 g maximum 
(2600 RPM) for 10 minutes. Save the supernatant. Deter- 
mine supernatant activity using a dose calibrator. Resuspend 
In-platelets in 5 mLACD/salinc solution. Centrifuge 1650 g 
maximum (2600 RPM) for 8 minutes. Remove the super- 
natant and determine radioactivity of supernatant. Resus- 
pend in 5 mL of ACD/salinc. Centrifuge at 100 g maximum 
(500 RPM) for 5 minutes. Remove the supernatant and 
resuspend the UI In-platclets in 5 mLof PPP. Withdraw 5 mL 
of 111 In platelets in a sterile syringe using a 19 gauge needle. 
Place an aliquot in a tube to send for CBC. Measure and 
document radioactivity. 

Administration. The patient is injected with a 19 gauge 
needle and residual activity is measured. Labeling efficiency 
is determined and number or platelets used for labeling is 
calculated from CBC. 

EXAMPLE 6 

X-Ray-Guided Drug Delivery by Radiation -Induced 
Aggregation of Electroporated Platelets 

This Example discloses the use of electroporation to 
prepare loaded platelets and contemplates reduced binding 
within the reticular endothelial system (RES) by platelets so 
prepared. In this Example, fluorochromcs (Cy3, FITC) and 
gamma emitting radionuclides arc loaded into platelets by 
use of electroporation. Additionally, small molecular weight 
compounds, which are inert in untreated tissues but dem- 
onstrate cytotoxicity in cells treated with ionizing radiation 
as disclosed herein, are also electroporated into platelets. 
Fluorescent markers (Cy3, FITC) are electroporated into 
platelets so that they can be identified by fluorescent micros- 
copy. 

Platelets are also loaded using the open channel system 
(OCS), receptor-mediated endocytosis using retention of 
liposomes, or reconstituted Sendai virus envelopes (RSVE). 
These techniques have been used to load chemotherapeutic 
agents such as adrimycin, cis-platinum and radioisotopes. 
Platelets are loaded by liposomes comprising chole steryl 
hexa decyesyl ether or chole steryl oleate. The liposome 
mediated platelet encapsulation is compared to electropora- 
tion using techniques described by Crawford, N., Semin. 
Intervent. Cardiol 1:91-102 (1996). Platelets are also 
loaded with radiation sensitizing drugs in a similar manner 
for similar comparison. The loaded platelet delivery vehicles 
are then administered to a vertebrate subject and the target 
tissue is exposed to ionizing radiation via intersecting planes 
of irradiation in accordance with the methods of the present 
invention, including those set forth the foregoing Examples. 

In separate experiments, platelets are loaded with 11J In for 
studies of biodistribution and pharmacokinetics using 
gamma camera imaging and phospho imager plates to 
determine whole body biodistribution. Validation of Image 
Processing is performed by use of autoradiography and 
immunofluorescence of platelet antigen GP II/IIIa as 
described by I la 11 all an et al., Cancer Research, 
58:5126-5220(1998). 

Improved biodistribution and pharmacokinetics are con- 
templated by optimizing the time interval, schedule and 
route of administration. Radiation sensitizing compounds 
such as the UNA PK inhibitor, R 106 (ICOS, Inc., Borthwall, 
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Wash.), or tyrosine kinase inhibitor, Su5416 (Sugen, Inc., 
and Pong et al., Cancer Research 59:99-106 (1999) and 
SU6668 (Sugen Inc., Redwood City, Calif.) are delivered, 
resulting in enhancement of subsequently delivered, intcr- 
5 secting planes of radiotherapy. 

EXAMPLE 7 

X-Ray-Guided Drug Delivery Using GP-IIb/IIIa 
Rinding Delivery Vehicles 

10 This Example discloses the delivery of specific activity of 
therapeutic radionuclides to tumors by x-ray-guided deliv- 
ery of microspheres and biapcitide. The objective of this 
Example is to improve the specificity of drug delivery to 
irradiated tissues by reducing nonspecific binding within the 

15 RES. 

Fibrinogen is covalently bound to the surface of cross- 
linked human albumin in accordance with techniques dis- 
closed in U.S. Pat. Nos. 5,069,936; 5,308,620; 5,725,804; 

20 5,716,643; and 5,616311, herein incorporated by reference. 
Briefly, fibrinogen-coaled microspheres (available form 
Hemosphere, Inc., Irvine, Calif, as thrombspheres) ranging 
from 100 nm to 1 fim were produced from albumin micro- 
aggregates. The microspheres were re-suspended using 10 

^ mL of sterile normal saline (0.9% NaCl) and 0.5 mL of the 
reconstituted microspheres was added to a 1.5 mL conical 
polypropylene tube previously coated with IODOGEN™ 
(Pierce Chemical Company). 11.3 mCi (0.42 GBq) of 1-131 
in approximately 11 //L was added to the microspheres and 

30 allowed to incubate at room temperature for 30 minutes. 
Following incubation, the microspheres were transferred 
to a 15 mL sterile centrifuge tube, diluted to 10 mL with 
normal saline and centrifuged at l,500xg for 7 minutes. The 
supernatant was removed and discarded. The microspheres 

35 were washed one additional time with 10 mL of normal 
saline. Following the final wash, the microspheres were 
suspended in 2 mL of normal saline for injection. Final yield 
was 4.8 mCi (0.18 GBq) of radioiodinated microspheres in 
2 mL saline. Radiochemical yield was 42.4%. 

40 C57BL6 mice bearing Lewis Lung Carcinoma hind limb 
tumors were treated in three manners: 1) control mice 
received 131 I-microspheres, but no irradiation, 2) 10 Gy 
prior to 13J I-microspheres, 3) 10 Gy immediately after 
131 I-microsphere injection. Whole body gamma camera 

45 images were obtained by pinhole planer imaging. Untreated 
tumors showed no binding of microspheres within tumors, 
but there was uptake in liver and spleen. Tumors treated with 
10 Gy prior to microsphere administration showed 131 1 
uptake in tumors within 1 hour and persistent uptake in 

50 tumors beyond 24 hours. Gamma detection was also 
observed in the liver and spleen. Tumors treated with 10 Gy 
immediately after radiolabeled microsphere injection 
showed 10-fold greater uptake in tumors as compared to 
tumors treated with 10 Gy before injection. There was 

55 minimal uptake in the liver and spleen in these animals. 
In separate experiments, apcitide is labeled with "Tc in 
accordance with a protocol provided by Diatide Inc, a 
commercial source. Apcitide is a fibrinogen analogue pep- 
tide that binds to GPIIb/IIIa on activated platelets, as 

60 described by Taillcfcr, J., Nuci Med. 38:5 (1997) and by 
VandeSrcek, P., Eur. J. Nuci Med. 25:8 (1998). Radiola- 
beled apcitide is then injected by la il vein into mice bearing 
hind limb tumors. Mouse tumors are treated with radiation 
as described herein above. An optimal schedule of admin- 

65 istration is determined. 

The platelet priming agent, DDAVP (depo-provera), is 
contemplated to improve radiation induced platelet aggre- 
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gation within lumors and thereby lower the radiation thresh- 
old dose for GP-IIb/llla binding. The enhancement of plate- 
let aggregation with DDAVP is also contemplated to 
enhance binding of radiolabeled peptides and microspheres. 
Thus, in additional experiments, DDAVP is administered in 
conjunction with the radiolabeled peptides and microspheres 
and with the exposure of the target tissue to radiation. 
Validation of Image Processing is performed by use of 
autoradiography and immunofluorescence of platelets GP 
llb/IIIa. 

X-ray-guided drug delivery can thus be achieved by use 
of fibrinogen -coated microspheres and by peptides which 
preferentially bind activated platelets. Improved biodistri- 
bution and pharmacokinetics arc observed with micro- 
spheres in that the microspheres bind more preferentially to 
activated platelets as compared to RES, and all activated 
platelets represent targets for drug delivery. 

EXAMPLE 8 

X-Ray-Guidcd Drug Delivery by Use of Anti- 
Platelet Antibody Delivery Vehicles 

Following platelet activation, several antigens are 
expressed on the surface of platelets. Indeed, it has been 
observed that irradiation of animal tumors increases the 
expression of platelet antigens such as P-selectin and 
GP-Ub/IIIa. As disclosed herein above, antibodies can be 
conjugated to radionuclides, cytotoxic agents, gene therapy 
vectors, liposomes and other active agents. In this Example, 
the administration of radioimmunocon jugate delivery 
vehicles against platelet antigens following irradiation of 
tumors is disclosed. 

Anti-GP-IIb/IIIa antibodies (R&D Systems) are labeled 
with J31 I using IODOGEN™ (Pierce Chemical Company). 
Labeled antibody is separated from free iodine by use of 
column chromatography. Radioimmunoconjugatcs arc 
injected into mice by tail vein. Hind limb tumors arc 
implanted and treated as described herein above. The opti- 
mal time of administration of radioimmunoconjugates is 
determined. 

In separate experiments, procoagulants such as DDAVP 
are also administered to enhance radioimmunoconjugate 
binding to activated platelets in irradiated tumors. Mouse 
subjects are imaged by gamma camera as described herein 
above. Phosphoimager plates and histologic sections with 
knmunohistochemistry as described herein above are used to 
validate image processing. In the event that certain radio- 
immunoconjugates do not achieve specific activity within 
tumors that is sufficient to image or treat tumors, multiple 
radionuclides are incorporated into the antibody delivery 
vehicles. 

EXAMPLE 9 

X- Ray-Guided Drug Delivery Targeted to 
Radiation-Induced Antigens in Blood Vessels 

Radiation-induced targets for drug delivery systems will 
be most useful if they are not tumor-specific. 1 no vascular 
endothelium is an essential component to nearly all neo- 
plasms. As disclosed herein above, radiation response is 
similar across a wide range of tumor types. In particular, 
P-sc lectin exocytosis, von Willebrand Factor release and 
platelet aggregation are observed within all tumor blood 
vessels following irradiation. In this Example, antibody 
delivery vehicles for x-ray-guided drug delivery to the 
vascular endothelium of tumors is disclosed. Antibody 



delivery vehicles adhere to antigens released into the lumen 
and are thus obstructed from circulating beyond the confines 
of the tumor. In view of the targeting of vascular 
endothelium, this Example is contemplated to be illustrative 
5 of the methods of treating angiogenesis in accordance with 
the present invention disclosed herein above. 

Hind limb tumors arc implanted into mice and treated 
with radiation as described by Hallahan, D. E. ct al., Cancer 
Research, 58:5126-5220 (1998). Radioimmunoconjugate 
10 delivery vehicles arc prepared using anti-E-selectin and 
anti-P-selectin antibodies (R&D Systems), IODOGEN™ 
(Pierce Chemical Company) and 131 1. Radiolabeled antibod- 
ies are separated from free 131 1 by use of column chroma- 
tography. The delivery vehicles are injected via tail vein into 
15 mice with hind limb tumors following treatment with irra- 
diation. Mice are imaged with gamma camera imaging as 
described herein above. Image processing is validated by 
use of phospho imager plates, immunofluorescence and 
immuno-histochemistry as described herein above. 
20 One potential limitation of this embodiment of the present 
invention is that anti-E-selectin antibody binding occurs in 
untreated normal tissues such as the lung. The importance of 
validation of the tumor specificity for radioimmunoconju- 
gate delivery vehicles is that the ideal radiation-induced 
antigens have substantially do constitutive expression in any 
tissue, but prolonged expression in tumor blood vessels. 
Thus, pharmacokinetics and biodistribution of the anti-E- . 
selectin and anti- P-selectin antibody delivery vehicles arc 
also determined. 
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Leu Ala Leu Ala 
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What is claimed is: 

1. A method of targeting a tissue in a vertebrate subject for 
delivery of an active agent, the method comprising: 

exposing the tissue to ionizing radiation before, after, 
during, or combinations thereof, administration of a 
platelet comprising the active agent to the vertebrate 
subject, and 

wherein I lie tissue is targeted for the delivery of the 
platelet by the exposing of the tissue to ionizing radia- 
tion. 

2. ITie method of claim 1, further comprising administer- 
ing the platelet comprising the active agent about one hour 
prior to exposing the tissue to ionizing radiation. 
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3. The mclhod of claim 1, further comprising administer- 23. The method of claim 21, wherein the radioactive 
ing the platelet comprising the active agent about ten min- imaging agent is selected from the group consisting of 43 K, 
utcs after exposing the tissue lo ionizing radiation. 52 Fc, "Co, 67 Cu, 67 Ga, 6H Ga, 77 Br, 81 Rb, 8lA/ Kr, 87A/ Sr, 

4. The mclhod of claim I, further comprising administer- ""Tc, m In, ll3 In, 123 l, 125 I, I27 Cs, ,29 Cs, 131 I, J32 [, 197 IIg, 
ing the platelet comprising the active agent both at about one 5 203 l J b and 206 Bi. 

hour prior to and at about ten minutes after exposing the 24. The mclhod of claim 21, wherein the radioactive 

tissue to ionizing radiation. imaging agent is present in the platelet in an amount ranging 

5. The method of claim 1, wherein the platelet comprising from about 0.1 to about 100 millicurics. 

the active agent is administered after exposing the tissue to 25. The method of claim 24, wherein the radioactive 

ionizing radiation. imaging agent is present in the platelet in an amount ranging 

6. The method of claim 1, wherein the tissue is exposed from about 1 lo about 10 millicuries. 

to an ionizing radiation dose ranging from about 0.1 to about 26. The method of claim 25, wherein the radioactive 

150 Gy. imaging agent is present in the platelet in an amount ranging 

7. The method of claim 6, wherein the tissue is exposed from about 2 to about 5 millicuries. 

to an ionizing radiation dose ranging from about 2 to about 27. The method of claim 26, wherein the radioactive 

100 Gy. 15 imaging agent is present in the platelet in an amount ranging 

8. The method of claim 7, wherein the tissue is exposed from about 1 to about 5 millicuries. 

to an ionizing radiation dose ranging from about 4 to about 28. The method of claim 9, wherein the active agent 

50 Gy. comprises a therapeutic agent. 

9. The method of claim 8, wherein the target tissue is 29. The method of claim 28, wherein the therapeutic agent 
exposed to an ionizing radiation dose ranging from about 10 20 is selected from the group consisting of a chemolherapeu tie- 
to about 20 Gy. agent, a toxin, a radiotherapeutic agent, a radiosensitizing 

10. A method of delivering an active agent to a target agent and combinations thereof. 

tissue in a vertebrate subject, the method comprising the 30. The method of claim 29, wherein the chemotherapeu- 

steps of: tic agent is selected from the group consisting of an anti- 

(a) exposing the target tissue to ionizing radiation to target 25 tumor drug, a cytokine, an anti- metabolite, an alkylating 
the tissue for a platelet; and agent, a hormone, methotrexate, doxorubicin, daunorubicin, 

(b) administering a platelet to the vertebrate subject cytosine arabinoside, etoposide, 5-4 fluorouracil, 
before, after, during, or combinations thereof, exposing melphalan, chlorambucil, a nitrogen mustard, 
the target tissue to the ionizing radiation, the platelet cyclophosphamide, cis-platinum, vindesine, yinca alkaloids, 
comprising the active agent, whereby the platelet local- 30 mitomycin, bleomycin, purothionin, macromomycin, 1,4- 
izes in the target tissue to thereby deliver the agent to benzoquinone derivatives, trenimon, steroids, aminopterin, 
the target tissue. anthracyclincs, dcmccolcinc, etoposide, mithramycin, 

U. The method of claim 10, wherein the platelet com- doxorubicin, daunomycin, vinblastine, neocarzinostatin, 

prising the active agent is administered about one hour prior macromycin, a-amaxiitin, and combinations thereof, 

to exposing the target tissue to ionizing radiation. 31. The method of claim 29, wherein the toxin is selected 

12. The method of claim 10, wherein the platelet com- 35 from the group consisting of Russell's Viper Venom, ap- 
prising the active agent is administered about ten minutes vated Factor IX, activated Factor X, thrombin, phospholi- 
after exposing the target tissue to ionizing radiation. pase C, cobra venom factor, ricin, ricin A chain, Pseudomo- 

13. The method of claim 10, wherein the platelet com- Das exotoxin, diphtheria toxin, bovine pancreatic 
prising the active agent is administered both at about one ribonuclease, pokeweed antiviral protein, abrin, abrin A 
hour prior to and at about ten minutes after exposing the 40 chain, gelonin, saporin, modeccin, viscumin, volkensin and 
target tissue to ionizing radiation. combinations thereof. 

14. The method of claim 10, wherein the method further 32. The method of claim 29, wherein the radiotherapeutic 
comprises the initial step of loading the platelet with an agent is selected from the 47 Sc, 67 Cu, 9& Y, J09 Pd, J23 I, J25 I, 
active agent via electroporation. 131 I, 186 Re, J88 Re, 199 Au, 211 At, 212 Pb, 212 Bi, 32 P, 33 P, 7 Ge, 

15. The method of claim 10, wherein the platelet com- 45 77 As, J03 Pb, 105 Rh, ni Ag, 1J9 Sb, 121 Sn, 131 Cs, J43 Pr, l6l Tb, 
prising the active agent is administered after exposing the 177 Lu, 191 Os, 193A/ pt, and J97 Hg. 

tissue to ionizing radiation. 33. The method of claim 29, wherein the radiosensitizing 

16. The method of claim 10, wherein the target tissue is agent is selected from the group consisting of an anti- 
cxposcd to an ionizing radiation dose ranging from about 0.1 angiogenic agent; a DNA protein kinase inhibitor; a tyrosine 
to about 150 Gy. 50 kinase inhibitor; a DNA repair enzyme inhibitor; nitroimi- 

17. The method of claim 16, wherein the target tissue is dazolc; metronidazole; raison id azoic; a genetic construct 
exposed to an ionizing radiation dose ranging from about 2 comprising an enhancer-promoter region which is respon- 
lo about 100 Gy. sive to radiation, and at least one structural gene whose 

18. The method of claim 17, wherein the target tissue is expression is controlled by the enhancer-promoter; boron- 
exposed to an ionizing radiation dose ranging from about 4 55 neutron capture reagents; and combinations thereof. 

to about 50 Gy. 34. The method of claim 33, wherein the genetic construct 

19. The method of claim 18, wherein the target tissue is further comprises a viral vector. 

exposed lo an ioni/ing radiation dose ranging from about 10 35. The method of claim 29, wherein the therapeutic agent 

to about 20 Gy. is a chemothcrapeutic agent, and the chcmothcrapeutic agent 

20. Hie method of claim 10, wherein the active agent 60 is administered in an amount ranging from about 10 lo about 
comprises an imaging agent. 1000 mg. 

21. The method of claim 20, wherein the imaging agent is 36. The method of claim 35, wherein the chemotherapeu- 
selecled from the group consisting of paramagnetic, radio- tic agent is administered in an amount ranging from about 50 
active and tluorogcnic ions. to about 500 mg. 

22. The method of claim 21, wherein the radioactive 65 37. The mclhod of claim 36, wherein the chemotherapcu- 
imaging agent is selected from the group consisting of tic agent is administered in an amount ranging from about 
gam ma -emitters, positron -emitters and x-ray-em it ters. 1(K) lo about 250 mg. 
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38. The method of claim 29, wherein the therapeutic agent 
is a toxin, and the toxin is administered in an amount ranging 
from about 1 to about 500 /ig. 

39. The method of claim 38, wherein the toxin is admin- 
istered in an amount ranging from about 10 to about 100 |<g. 

40. The method of claim 39, wherein the toxin is admin- 
istered in an amount ranging from about 20 to 50 pig. 

41. The method of claim 40, wherein the neoplasm is 
exposed to an ionizing radiation dose ranging from about 10 
to about 20 Gy. 

42. The method of claim 29, wherein the therapeutic agent 
is a radiotherapeutic agent, and the radiotherapeutic agent is 
administered in an amount ranging from about 0.5 to about 
100 mg. 

43. The method of claim 42, wherein the radiotherapeutic 
agent is administered in an amount ranging from about I to 
about 50 mg. 

44. The method of claim 43, wherein the radiotherapeutic 
agent is administered in an amount ranging from about 5 to 
about 10 mg. 

45. The method of claim 10, wherein the target tissue 
comprises a neoplasm. 

46. The method of claim 45, wherein the neoplasm is 
selected from the group consisting of benign intracranial 
melanomas, arteriovenous malformation, angioma, macular 
degeneration, melanoma, adenocarcinoma, malignant 
glioma, prostatic carcinoma, kidney carcinoma, bladder 
carcinoma, pancreatic carcinoma, thyroid carcinoma, lung 
carcinoma, colon carcinoma, rectal carcinoma, brain 
carcinoma, liver carcinoma, breast carcinoma, ovary 
carcinoma, solid tumors, solid tumor metastases, 
angiofibromas, rctrolcntal fibroplasia, hemangiomas, Kar- 
posi's sarcoma and combinations thereof. 

47. The method of claim 10, wherein the vertebrate 
subject is a mammal. 

48. The method of claim 47, wherein the mammal is a 
human. 

49. A method of treating a neoplasm in a vertebrate 
subject, the method comprising the steps of: 

(a) exposing the neoplasm to ionizing radiation to target 
the neoplasm for a platelet; and 

(b) administering a platelet to the vertebrate subject 
before, after, during, or combinations thereof, exposing 
the neoplasm to the ionizing radiation, the platelet 
comprising a therapeutic agent, whereby the platelet 
delivers the therapeutic agent to the neoplasm to 
thereby treat the neoplasm. 

50. The method of claim 49, wherein the neoplasm is 
selected from the group consisting of benign intracranial 
melanomas, arteriovenous malformation, angioma, macular 
degeneration, melanoma, adenocarcinoma, malignant 
glioma, prostatic carcinoma, kidney carcinoma, bladder 
carcinoma, pancreatic carcinoma, thyroid carcinoma, lung 
carcinoma, colon carcinoma, rectal carcinoma, brain 
carcinoma, liver carcinoma, breast carcinoma, ovary 
carcinoma, solid tumors, solid tumor metastases, 
angiofibromas, retrolental fibroplasia, hemangiomas, Kar- 
posi's sarcoma and combinations thereof. 

51. The method of claim 49, wherein the platelet com- 
prising the therapeutic agent is administered about one hour 
prior to exposing the target tissue to ionizing radiation. 

52. The method of claim 49, wherein the platelet com- 
prising the therapeutic agent is administered about ten 
minutes after exposing the target tissue to ionizing radiation. 

53. The method of claim 49, wherein the platelet com- 
prising the therapeutic agent is administered both at about 
one hour prior to and at about ten minutes after ex posing the 
target tissue to ion i zing radiation. 
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54. ITic method of claim 49, wherein the method further 
comprises the initial step of loading the platelet with an 
active agent via electroporation. 

55. 'Ilie method of claim 49, wherein the platelet cotn- 
5 prising the therapeutic agent is administered after exposing 

the neoplasm to ionizing radiation. 

56. The method of claim 49, wherein the neoplasm is 
exposed to an ionizing radiation dose ranging from about 0.1 
to about 150 Gy. 

to 57. The method of claim 56, wherein the neoplasm is 
exposed to an ionizing radiation dose ranging from about 2 
to about 100 Gy. 

58. The method of claim 57, wherein the neoplasm is 
exposed to an ionizing radiation dose ranging from about 4 

15 to about 50 Gy. 

59. The method of claim 49, wherein the therapeutic agent 
is selected from the group consisting of a chemotherapeutic 
agent, a toxin, a radiotherapeutic agent, a radiosensitizing 
agent and combinations thereof. 

20 60. The method of claim 59, wherein the chemotherapeu- 
tic agent is selected from the group consisting of an anti- 
tumor drug, a cytokine, an anti-metabolite, an alkylating 
agent, a hormone, methotrexate, doxorubicin, daunorubicin, 
cytosine arabinoside, etoposide, 5-4 fluorouracil, melphalan, 

25 chlorambucil, cyclophosphamide, cis-platinum, vindesine, 
mitomycin, bleomycin, purothionin, macromomycin, 1,4- 
benzoquinone derivatives, trenimon, steroids, amino pterin, 
anthracyclines, demecolcine, etoposide, mithramycin, 
doxorubicin, daunomycin, vinblastine, neocarzinostatin, 

30 macromycin, a-amanitin, and combinations thereof. 

61. The method of claim 59, wherein the radiotherapeutic 
agent is selected from the 47 Sc, 67 Cu, ^ I09 Pd, 123 [, 125 I, 
13 J 1, 186 Re, 188 Re, i99 Au, 21i At, 2J2 Pb, 212 Bi, 32 P, 33 P, 71 Ge, 
77 As, i03 Pb, 105 Rh, 11J Ag, U9 Sb, 121 Sn, 131 Cs, 143 Pr, 161 Tb, 

35 177 Lu, 191 Os, 393 "Pt, and 197 Hg. 

62. The method of claim 59, wherein the therapeutic agent 
is a chemotherapeutic agent and the chemotherapeutic agent 
is administered in an amount ranging from about 10 to about 
1000 mg. 

40 63. '1 "he method of claim 62, wherein the chemotherapeu- 
tic agent is administered in an amount ranging from about 50 
to about 500 mg. 

64. The method of claim 63, wherein the chemotherapeu- 
tic agent is administered in an amount ranging from about 

45 100 to about 250 mg. 

65. The method of claim 59, wherein the toxin is selected 
from the group consisting of Russell's Viper Venom, acti- 
vated Factor IX, activated Factor X, thrombin, phospholi- 
pasc C, cobra venom factor, ricin, ricin A chain, Pscudomo- 

50 nas exotoxin, diphtheria toxin, bovine pancreatic 
ribonuclcasc, pokewced antiviral protein, abrin, abrin A 
chain, gelonin, saporin, modeccin, viscumin, volkensin and 
combinations thereof. 

66. The method of claim 59, wherein the therapeutic agent 
55 is a toxin and the toxin is administered in an amount ranging 

from about 1 to about 500 /ig. 

67. The method of claim 66, wherein the toxin is admin- 
istered in an amount ranging from about 10 to about l00//g. 

68. 'Hie method of claim 67, wherein the toxin is admin- 
60 istered in an amount ranging from about 20 to 50 ;*g. 

69. 'I "he method of claim 59, wherein the therapeutic agent 
is a radiosensitizing agent, and the method further comprises 
the step of exposing the neoplasm to an additional dose of 
ionizing radiation. 

65 70. Itie method of claim 69, wherein the radiosensitizing 
agent is selected from the group consisting of an anti- 
angiogenic agent; a DNA protein kinase inhibitor; a tyrosine 
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kinase inhibitor; a DNA repair enzyme inhibitor; nilroimi- 
dazolc; metronidazole; misonidazolc; a genetic construct 
comprising an enhancer-promoter region which is respon- 
sive to radiation, and at least one structural gene whose 
expression is controlled by the enhancer-promoter; boron- 
neutron capture reagents; and combinations thereof. 

71. Ilie method of claim 70, wherein the genetic construct 
further comprises a viral vector. 

72. The method of claim 69, wherein the neoplasm is 
exposed to the additional dose of ionizing radiation al a time 
point falling in a range or about 3 to about 12 hours after 
initial irradiation of the neoplasm. 

73. The method of claim 72, wherein the neoplasm is 
exposed to the additional dose of ionizing radiation at a time 
point of about 6 hours after initial irradiation of the neo- 
plasm. 

74. The method of claim 59, wherein the therapeutic agent 
is a radiotherapeutic agent and the radiotherapeutic agent is 
administered in an amount ranging from about 0.5 to about 
100 mg. 

75. The method of claim 74, wherein the radiotherapeutic 
agent is administered in an amount ranging from about 1 to 
about 50 mg. 

76. The method of claim 75, wherein the radiotherapeutic 
agent is administered in an amount ranging from about 5 to 
about 10 mg. 

77. The method of claim 49, wherein the vertebrate 
subject is a mammal. 

78. The method of claim 77, wherein the mammal is a 
human. 

79. A method of inhibiting angiogencsis in a vertebrate 
subject, the method comprising the steps of: 

(a) exposing a target tissue in the vertebrate subject to 
ionizing radiation to target the tissue for a platelet, the 
target tissue undergoing angiogenesis; and 

(b) administering a platelet to the vertebrate subject 
before, after, during, or combinations thereof, exposing 
the target tissue to the ionizing radiation, the platelet 
comprising an angiogenesis inhibiting amount of an 
angiogenesis-inhibiting therapeutic agent, whereby the 
platelet localizes in the target tissue to thereby inhibit 
angiogenesis by delivering the therapeutic agent to the 
target tissue. 

80. The method of claim 79, wherein the method further 
comprises the initial step of loading the platelet with an 
active agent via electroporation. 

81. The method of claim 79, wherein the platelet com- 
prising the angiogenesis-inhibiting therapeutic agent is 
administered after exposing the tissue to ionizing radiation. 

82. The method of claim 79, wherein the target tissue 
comprises a neoplasm. 

83. The method of claim 82, wherein the neoplasm is 
selected from the group consisting of benign intracranial 
melanomas, arteriovenous malformation, angioma, macular 
degeneration, melanoma, adenocarcinoma, malignant 
glioma, prostatic carcinoma, kidney carcinoma, bladder 
carcinoma, pancreatic carcinoma, thyroid carcinoma, lung 
carcinoma, colon carcinoma, rectal carcinoma, brain 
carcinoma, liver carcinoma, breast carcinoma, ovary 
carcinoma, solid tumors, solid tumor metastases, 
angiofibromas, retrolental fibroplasia, hemangiomas, Kar- 
posi's sarcoma and combinations thereof. 

84. 'I he method of claim 79, wherein the vertebrate 
subject is a mammal. 

85. I"hc method of claim 84, wherein the mammal is a 
human. 

86. A method of imaging a target tissue in a vertebrate 
subject, the method comprising the steps of: 
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(a) exposing the target tissue to ionizing radiation to target 
the tissue for a platelet; 

(b) administering a platelet to the vertebrate subject 
before, after, during, or combinations thereof, exposing 

5 the target tissue to the ionizing radiation, the platelet 
comprising an imaging agent, whereby the platelet 
localizes in the target tissue to thereby deliver the 
imaging agent to the target tissue; and 

io (c) detecting the imaging agent in the target tissue. 

87. The method of claim 86, wherein the platelet com- 
prising the imaging agent is administered about one hour 
prior to exposing the target tissue to ionizing radiation. 

88. The method of claim 86, wherein the platelet com- 
15 prising the imaging agent is administered about ten minutes 

after exposing the target tissue to ionizing radiation. 

89. The method of claim 86, wherein the platelet com- 
prising the imaging agent is administered both at about one 
hour prior to and at about ten minutes after exposing the 

20 target tissue to ionizing radiation. 

90. Ihe method of claim 86, wherein the method further 
comprises the initial step of loading the platelet with an 
active agent via electroporation. 

91. The method of claim 86, wherein the platelet com- 
25 prising the imaging agent is administered after exposing the 

tissue to ionizing radiation. 

92. The method of claim 86, wherein the target tissue is 
exposed to an ionizing radiation dose ranging from about 1 
to about 150 Gy. 

30 93. The method of claim 92, wherein the target tissue is 
exposed to an ionizing radiation dose ranging from about 2 
to about 100 Gy. 

94. The method of claim 93, wherein the target tissue is 
exposed to an ionizing radiation dose ranging from about 4 

35 to about 50 Gy. 

95. The method of claim 94, wherein the target tissue is 
exposed to an ionizing radiation dose ranging from about 10 
to about 20 Gy. 

96. The method of claim 86, wherein the imaging agent is 
40 selected from the group consisting of paramagnetic, radio- 
active and fluorogenic ions. 

97. The method of claim 96, wherein the radioactive 
imaging agent is selected from the group consisting of 
gam ma -emitters, positron-emitters and x-ray-emitters. 

45 98. The method of claim 97, wherein the radioactive 
imaging agent is selected from the group consisting of 43 K, 
52 Fe, 57 Co, 67 Cu, 67 Ca , ^Ga , ""Br, 8 W w Kr, 87Af Sr, 
""Tc, 1J1 In, 113 In, 123 I, 125 I, 127 Cs, 129 Cs, 13J I, I32 1, 197 IIg, 
^Pb and 20ti Bi. 

50 99. The method of claim 96, wherein the radioactive 
imaging agent is present in the platelet in an amount ranging 
from about 0.1 to about 100 millicuries. 

100. The method of claim 99, wherein the radioactive 
imaging agent is present in the platelet in an amount ranging 

55 from about 1 to about 10 mil lieu ries. 

101. The method of claim 100, wherein the radioactive 
imaging agent is present in the platelet in an amount ranging 
from about 2 to about 5 millicuries. 

102. I "he method of claim 101, wherein the radioactive 
60 imaging agent is present in the platelet in an amount ranging 

from about I to about 5 millicuries. 

103. The method of claim 86, wherein the vertebrate 
subject is a mammal. 

104. The method of claim 103, wherein the mammal is a 
65 human. 

***** 
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I. REAL PARTIES IN INTEREST 



The real parties in interest are the Assignees, the 
University of Tennessee Research Foundation and the Board of 
Trustees of Ohio University, as evidenced by Assignments recorded 
in the Patent and Trademark Office at Reel 012396/Frame 0011 on 
December 26, 2001 and at Reel 013219/Frame 0333 on August 20, 
2002. 

IL RELATED APPEALS AND INTERFERENCES 

Appellant is aware of no other appeals or interferences 
which will directly affect or be directly affected by or^have a bearing 
on the Board's decision in the pending appeal. 

HI. STATUS OF THE CLAIMS 

Originally claims 1-7 were filed with this Application and 
subject to Restriction. In response to the Restriction Requirement, 

3 



claims 6-7 were elected and claims 1-5 were withdrawn from 
consideration. In a supplemental response to a Final Office Action 
mailed April 8, 2003, claims 1-5 and 7 were canceled. Therefore, 
independent claim 6 is pending. 



IV. STATUS OF AMENDMENTS 



Subsequent to the final rejection mailed April 8, 2003, 
Applicants submitted a Response after Final, filed June 9, 2003, in 
which claims 1-7 were pending, claims 1-5 were withdrawn from 
consideration, claim 6 was previously presented and claim 7 was 
currently amended. In a Supplemental Response after Final, filed 
August 25, 2003, independent claim 6 was amended to incorporate 
part of the previously presented claim 7 and claims 1-5 and 7 were 
canceled. In an Advisory Action, mailed September 12, 2003, the 
Examiner indicated that the amendment would be entered into the 
record for the purposes of filing an Appeal. Independent claim 6 
remains in the application. 
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V. SUMMARY OF THE INVENTION 



The present invention is directed to a method of 
targeting drug carriers to select tissue via the up regulation of 
adhesion molecules expressed on endothelial cells in response to 
exposure to radiation (pg. 2, 11. 5-8). The adhesion molecule may be 
ICAM-1. The targeting drug carrier may be a biodegradable particle, 
such as a polymer or copolymer (pg. 24, 11. 11 to pg. 25, 11. 15; pg. 
45, 11. 10-16) labeled with an anti-ICAM-1 antibody or fragment 
thereof (pg. 48, 11. 10 to pg. 49, 11. 7). The method is useful for 
treating cancer by irradiating a target tissue or organ in an 
individual and administering the anti-ICAM-1 biodegradable particle 
thereto. 



VL I S StJE S 



A. 35 U.S.C, §103 

Whether claim 6 is obvious under 35 U.S.C. §103 over 
Hallahan (U.S. Patent No. 6,159,443) in view of the known fact 
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disclosed in the specification on pg. 4, 11. 15-20, pg. 5, 11. 1-5 and pg. 
10, 11. 12-20 and Mastrobattista et al. (Biochim. Biophys. Acta, 
1999, 1419,353-363). 



VII. GROUPING OF CI AIMS 

No grouping of claims is present as only claim 6 is 
pending and rejected. 

VIII. ARGUMENTS 

A. • Rejection Under 35 ILS.C. 8103 

In an Advisory Action mailed September 12, 2003 in 
response to a Supplemental Response to the Final Office Action 
mailed April 8, 2003, the Examiner maintained the rejection of 
claim 6, for substantially the same reasons of record in Paper No. 9, 
mailed April 8, 2003 and Paper No. 11, mailed June 26, 2003, as 
being obvious over the disclosures made in the instant application 
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and the prior art cited under 35 U.S.C. §103 as stated in Section VI 
Issues supra. Applicants vigorously traverse this rejection. 

The Examiner maintains that the instant invention is 
obvious because (1) the instant application discloses that the 
exposure of diseased tissue to irradiation causes an increase in 
expression of P-selectin and ICAM-1 (pg. 4, 11. 15-20, pg. 5, 11. 1-5 
and pg. 10, 11. 12-20); (2) Mastrobattista et al disclose a 
biomolecular carrier bearing anti-ICAM antibodies (entire 
document); and (3) Hallahan et al teach biomolecular carrier 
bearing antibodies to P-selectin (col. 7-8). 

Thus, the Examiner states it would have been obvious to 
one skilled in the art to apply the teachings of Mastrobattista et 
al. and the specification to Hallahan et al. and substitute 
biomolecular carrier bearing antibodies to one cellular adhesion 
molecule, P-selectin, to biomolecular carrier bearing antibodies to 
another cellular adhesion molecule, ICAM-1, because the expression 
of either one of them would be enhanced in target tissue after 
irradiation, to obtain the claimed method of treating cancer by 
irradiating a target tissue or organ and administering the 
biomolecular carrier bearing antibodies specific to ICAM-1. 
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The Examiner further states that Hall aha n el al 
provided motivation by teaching that there is a substantial need for 
an improved method for a selective delivery of therapeutic or 
imaging agents using biomolecular carrier bearing antibodies to 
cellular adhesion molecule that are over expressed on endothelial 
cells (col. 2, 11. 33-44). Additionally, in response to an "obvious to 
try" argument, as discussed infra, presented by Applicants in the 
Supplemental Response after Final, the Examiner stated that "the 
evidence of purported unobvious results of record in this 
application is insufficient to overcome the inference of fact in this 
case" (Paper No. 9, last paragraph). 

Applicants' invention is drawn to a method of treating 
cancer by irradiating the cancerous tissue/organ and administering 
a biodegradable particle comprising an antibody/Ab fragment that 
binds to ICAM-1 on vascular endothelial cells and a pharmaceutical. 
The specification defines a biodegradable particle as comprising 
biodegradable polymers or PEGylated copolymers, as are known in 
the art, e.g., poly-(e-caperlactone) (pg. 24, 11. 11 to pg. 25, 11. 15; pg. 
45, 11. 10-16). 
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To establish obviousness all of the elements of the 
invention must be taught by the prior art. Additionally, one must 
consider what is fairly taught in the references. Applicants submit 
that the instant specification discloses that P-selectin and ICAM-1 
are radiation inducible. However, both Applicants (pg. 9, 11. 4-7) 
and Hallahan et al (col. 5, 11. 64 to col. 6, 11. 45) teach that P- 
selectin is localized to the vascular lumen and not to the vascular 
endothelial cell surface in irradiated tumors in vivo. Hallahan et 
al. do not teach (Applicants' emphasis) biomolecular carrier 
bearing antibodies specific to P-selectin, but rather a drug or 
therapeutic containing delivery vehicles, such as liposomes, that 
bear antibodies or that are antibodies that bind to platelet antigens, 
such as anti-GP-IIb or anti-GP-IIIa, on activated platelets that 
aggregate to P-selectin in the vascular endothelium after delivery of 
radiation (Abstract; col. 7, 11. 37 to col. 8, 11. 10). Mastrobattista et 
al. teaches that an anti-ICAM-1 immunoliposome specifically targets 
ICAM-1 on bronchial epithelial cells in a liposome concentration- 
dependent manner in vitro. 

Regarding motivation as stated by the Examiner supra, 
Applicants reiterate that Hallahan et al. do not teach methods of 
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selective delivery to cellular adhesion molecules nor improvements 
on such methods. However, even given the motivation to one of 
ordinary skill in the art in view of Hallahan et al disclosing a 
substantial need in the art for an improved method for the selective 
delivery of therapeutic agents to neoplastic tissue (col 2, 11. 37-39), 
Applicants strongly maintain that even should one of ordinary skill 
in the art find motivation to target anti-ICAM-1 -liposomes to ICAM-1 
expressed on vascular endothelial cell surfaces, replacing the anti- 
ICAM-1 liposome with Applicants' biodegradable particle to target 
radiation-induced vascular endothelial ICAM-1 in vivo merely would 
be trying. 

In considering the Examiner's rebuttal statement for 
Applicants' "obvious to try" argument, the Examiner does not state 
what inference or conclusion of fact may be reasoned from the cited 
prior art and/or Applicants' disclosures as being true or proven that 
renders the instant invention obvious, particularly in that the prior 
art does not teach all the elements of the instant invention. 
Applicants respectfully submit that one of ordinary skill in the art 
would have to make unsupported leaps in reasoning against what is 



10 



taught in the prior art and/or known in the art to arrive at 
Applicants' invention based on these teachings. 

First, neither Hallahan et al nor Mastrobattista et al 
teach targeting an antibody-labeled delivery vehicle or carrier 
containing a therapeutic to P-selectin or ICAM-1 expressed in the 
vascular endothelium in vivo. Second, neither reference teaches 
Applicants' biodegradable particle, as defined supra, as a potential 
carrier of the therapeutic. Additionally, it is known in the art that 
biodegradable polymer particles may have drawbacks such as rapid 
removal from the circulation and a low adsorption level of ligand 
(pg. 24, 11. 18 to pg. 25, 11. 1). Thus no inference can be made as to 
the efficacy of an anti-ICAM-1 bioparticle based on the in vitro 
targeting of an anti-ICAM-1 immunoliposome in Mastrobattista et 
al. Consequently, a person having ordinary skill in the art is 
reduced to trying. 

Third, Mastrobattista et al target anti-ICAM-1- 
immunoliposomes in vitro. In this instance, one must consider that 
an in vitro model is significantly different from an in vivo model. In 
vivo, radiation induces the expression of ICAM-1 in the endothelium 
and causes aggregation and binding of leukocytes to ICAM-1. 
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Mastrobattista et al teach that ICAM-1 is expressed on vascular 
endothelial cells, some epithelial cells and a subset of leukocytes 
(pg. 354, first col., 11. 1-5). 

However, leukocytes are not present in the in vitro 
model. If, arguendo, one of ordinary skill in the art would be 
motivated to target ICAM-1 in the vascular endothelium in vivo, 
then reasonably one of such skill must expect that leukocytes could 
compete with, interfere with or prevent binding of any anti-ICAM-1 
carrier to endothelial expressed ICAM-1 in vivo. Applicants 
demonstrate that the anti-ICAM-1 bioparticles specifically target 
endothelial ICAM-1 and do not bind at all to leukocytes in vivo (pg. 
50, 11. 17 to pg. 51, 11. 8). However, this teaching is found only in 
Applicants' disclosure and therefore cannot be used to establish 
obviousness. 

Finally, as stated supra, both Applicants and Hallahan 
et al. teach that in response to radiation P-selectin is localized to the 
vascular lumen and not expressed on the endothelial cell surface. 
This teaches away from the instant invention and Mastrobattista 
et al. Applicants specifically teach that anti-ICAM-1 bearing 
biodegradable particle selectively adhere to the vessel wall 
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expressing ICAM-1 (pg. 48, 11. 10 to pg. 49, 11. 7). Again, one of 
ordinary skill in the art cannot infer that Applicants' anti-ICAM-1 
bioparticle nor any anti-ICAM-1 carrier would successfully target 
ICAM-1 on the vascular endothelial cell surface in vivo from 
teachings of the in vitro binding of an anti-ICAM-1 immunoliposome 
in Mastrobattista et al and the in vivo binding of anti-platelet 
antigen delivery vehicles to platelets aggregating to P-selectin in the 
vascular lumen, as taught by Hallahan et al 



Thus, for the reasons given above, Applicants 



respectfully urge that the decision of the Examiner should be 
reversed and that claim 6 be allowed. 
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CLAIMS ON APPEAL 



Claim 6. A method of treating a cancer in an 
individual in need of such treatment, comprising the steps of: 

irradiating a cancerous target tissue or organ in said 
individual; and 

* administering to said individual a biodegradable particle 

comprising antibodies or antibody fragments that bind to ICAM-1 
expressed on an endothelial cell of said irradiated tissue or organ 
and a pharmaceutical. 
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Abstract 

Previously, it was demonstrated that immunoliposomes, bearing anti-intercellular adhesion molecule^ (ICAM-1) 
antibodies (mAb F10.2), can specifically bind to different cell types expressing ICAM-1 . In this study, we have quantified the 
amount of immunoliposomes binding to IFN-y activated human bronchial epithelial cells (BEAS-2B) in vitro and studied the 
subsequent fate of cell-bound anti-ICAM-1 immunoliposomes. We demonstrate that binding of the immunoliposomes to the 
epithelial cells depends on the liposome concentration used. After binding to the cell surface, the anti-ICAM-1 
immunoliposomes are rapidly internalised by the epithelial cells. Sixty percent of cell-bound immunoliposomes were 
internalised by the epithelial cells within 1 h of incubation at 37°C. The results indicate that ICAM-1 targeted 
immunoliposomes may be used as carriers for the intracellular delivery of anti-inflammatory drugs to sites of inflammation 
characterised by an increased expression of ICAM-1. © 1999 Elsevier Science B.V. All rights reserved. 

Keywords: Immunoliposomes; Adhesion molecules; Drug delivery 



cells during embryogenesis and the regulation of im- 
mune responses by mediating the communication be- 
tween different immune cells and the extravasation of 
inflammatory cells into inflamed tissues [1-3]. The 
process of leukocyte extravasation is induced by the 
local release of pro-inflammatory mediators (vasoac- 
tive amines and cytokines) at the site of inflamma- 
tion. This results in a locally induced or increased 
expression of a variety of adhesion molecules on en- 
dothelial cells, which allows multiple adhesive events 
with circulating leukocytes to occur. 

Intercellular adhesion molecule- 1 (ICAM-1) is an 
important adhesion molecule involved in the process 



1. Introduction 

Adhesion molecules are cell surface glycoproteins 
that mediate physical and functional interactions be- 
tween two cells or between cells and their extracellu- 
lar matrix. They play an important role in many bio- 
logical processes as diverse as the complex 
organisation of tissues and organs, the migration of 
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of leukocyte adhesion and extravasation. ICAM- 1 is 
an immunoglobulin-like transmembrane glycoprotein 
that is constitutively expressed at low levels on vas- 
cular endothelial cells, epithelial cells and on a subset 
of leukocytes and its expression is increased by the 
pro-inflammatory cytokines interferon-y (IFN-y), tu- 
mour necrosis factor a (TNF-a) or iriterleukin- 1 (IL- 
1) [4-9]. Numerous studies have demonstrated a lo- 
cally enhanced ICAM-1 expression in inflammation- 
related diseases, such as rheumatoid arthritis [10], 
asthma [11,12], nephritis [13,14], inflammatory der- 
matosis [15,16], and atherosclerosis [17,18]. The in- 
creased expression of ICAM-1 and other cell adhe- 
sion molecules at sites of inflammation is under 
investigation for therapeutic intervention. Up-regu- 
lated expression of adhesion molecules may be uti- 
lised as targets for drug carrier systems for selective 
delivery of anti-inflammatory compounds to sites of 
inflammation. In this light, we have previously con- 
structed liposomes bearing antibodies to ICAM-1 
[19]. These antibody-containing liposomes (immuno- 
liposomes) were shown to strongly bind to different 
cell types expressing ICAM-1 on their surface and 
their binding was positively correlated with the ex- 
pression level of ICAM-1 on the target cells. After 
this first report on immunoliposome targeting to cells 
expressing adhesion molecules, two other reports 
have appeared confirming this possibility [20,21]. 

Specific binding of immunoliposomes to their tar- 
get cells is an important prerequisite to fulfil but on 
its own not enough for effective drug delivery. As 
many drugs act at intracellular sites, it is required 
that immunoliposome-encapsulated drugs are deliv- 
ered intracellular^. In principle, three routes that 
may lead to intracellular delivery of encapsulated 
compounds can be discerned. Firstly, immunolipo- 
somes may, after specific cell binding, release their 
contents in close proximity of the target cells, with 
subsequent cellular uptake of released molecules. 
Secondly, immunoliposomes may fuse with the cell 
membrane, thereby releasing their contents into the 
cytosol. Thirdly, cell-bound immunoliposomes may 
be internalised by the target cells via receptor-medi- 
ated endocytosis, followed by the intracellular release 
of encapsulated agents. Whether immunoliposomes 
will be internalised or not is dependent on a variety 
of factors, such as liposome size [22-25], type of cell 
and type of target receptor [26-28]. Targeting of im- 



munoliposomes to receptors with known internalis- 
ing capacities (e.g. transferrin receptor, low density 
lipoprotein-receptor, epithelial growth factor recep- 
tor) will likely result in internalisation of bound im- 
munoliposomes, provided that they are relatively 
small in size (<0.2 ^m) [29-31]. On the other 
hand, it has been shown that immunoliposomes tar- 
geted to non-internalising cell surface molecules on 
tumour cells remain located at the cell surface [32]. 

Here, we report on the interaction of ICAM-1 -di- 
rected immunoliposomes with ICAM-1 expressing 
human bronchial epithelial cells in vitro. We have 
quantified the degree of cell binding of ICAM-1 -di- 
rected liposomes and we demonstrate that specific 
binding of these immunoliposomes to ICAM-1 on 
the bronchial epithelial cell line BEAS-2B triggers 
rapid internalisation of cell-bound immunolipo- 
somes. The results are discussed in the context of 
targeted drug delivery to sites of inflammation, char- 
acterised by an increased expression of ICAM-L 

2. Materials and methods 

2.1. Materials 

2.1.1. Liposome-related materials 

Cholesterol (CHOL), AT-succinimidyl-S-acetyl- 
thioacetate (SATA), A^-ethylmaleimide, and calcein 
were obtained from Sigma (Rockford, IL, USA). 
Chloroform and methanol (pro analysi) were ob- 
tained from Merck (Darmstadt, Germany), and 
A^-dimethylformamide (DMF) and hydroxylamine 
hydrochloride from Janssen Chimica (Geel, Bel- 
gium). Partially hydrogenated egg phosphatidylcho- 
line with an iodine value of 40 (PHEPC; Asahi, Ibar- 
akiken, Japan) was prepared as described previously 
[33]. Egg phosphatidylglycerol (EPG) was kindly do- 
nated by Nattermann (Cologne, Germany), N-[4-(p- 
maleimidophenyl) butyryljphosphatidylethanolamine 
(MPB-PE) was synthesised as described before 
[32,34]. 

2.1.2. Cell-related materials 

IFN-y was purchased from Boehringer-Mannheim 
(Mannheim, Germany), keratinocyte medium (kera- 
tinocyte-SFM) and supplements for keratinocyte- 
SFM, containing recombinant human epithelial 
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growth factor (rhEGF), and bovine pituitary extract 
came from Gibco, Grand Island, NY, USA. Bovine 
serum albumin (fraction V), fluorescein isothiocya- 
nate (FITC)-labelled goat anti-mouse F10.2 IgG 
(Fab'-specific) and .R-phycoerythrin (PE)-labelled 
goat anti-mouse IgG were obtained from Sigma. 
Anti-ICAM-1 mAb (IgGi), clone F10.2 was pre- 
pared and isolated as described before [35]. Form- 
aldehyde was obtained from Janssen (Geel, Bel- 
gium). 

2.2. Cell culture 

The human bronchial epithelial cell line BEAS-2B 
obtained from Dr J.F. Lechner (National Institutes 
of Health, Bethesda, MD, USA) was cultured in se- 
rum-free keratinocyte medium, supplemented with 
bovine pituitary extract (25 Jig/ml), rhEGF (2.5 ng/ 
ml) and gentamicin (50 ^g/ml). In order to obtain an 
enhanced expression of ICAM-1, BEAS-2B cells 
were stimulated with IFN-y (200 U/ml) 24 h prior 
to use in immunoliposomes binding and internalisa- 
tion experiments [7]. BEAS-2B cells were cultured at 
37°C with 5% C0 2 in humidified air. 

2.3. Preparation of immunoliposomes 

Immunoliposomes, bearing covalently coupled 
F10.2 mAbs on their surface, were prepared as de- 
scribed previously [19]. In short, liposomes were 
made from PHEPC, EPG, CHOL, and MPB-PE 
(38.5:4:16:0.06 molar ratio) by lipid film hydration 
and subsequent extrusion through 0.2 \xm polycar- 
bonate filters [36]. When indicated, calcein was in- 
corporated as an aqueous marker at a concentration 
of 90 mM and/or rhodamine-PE at an amount of 
0.1 mol% of total lipid. Freshly thiolated mAb 
F10.2 (100 n.g/ml final concentration) was added to 
the liposomes (73.3 \imol phospholipid/8 ml) and in- 
cubated for 1 h and 45 min at room temperature 
under constant rotation. The coupling reaction was 
terminated by adding 50 \i\ of freshly prepared 8 mM 
AT-ethylmaleimide in HEPES buffer (10 mM HEPES; 
1 mM EDTA; 135 mM NaCl pH 7.4). Liposomes 
were separated from unconjugated mAbs by ultra- 
centrifugation (4 runs of 30 min at 60000Xg) and 
stored at 4°C. As a control in binding and internal- 
isation experiments, liposomes with the above men- 
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tioned composition were used without conjugated 
F10.2 mAb. 

2.4. Liposome characterisation 

Mean particle size was determined by dynamic 
light scattering as described before [19]. Mean size 
of liposomes was 0.2-0.25 |im with a polydispersity 
index varying from 0.06 to 0.15. Phospholipid con- 
centration was determined by the colorimetric meth- 
od of Fiske and Subbarow [37]. The amount of con- 
jugated IgG on the liposomal surface was determined 
with the Bio-Rad DC protein assay kit (Bio-Rad 
Laboratories, Hercules, CA, USA) with mouse IgG 
as standard. The protein coupling ratios for the dif- 
ferent batches of immunoliposomes were in the range 
of 2-4 |ig IgG/(imol phospholipid, which corre^ 
sponds to approximately 7-15 IgG molecules per lip- 
osome. 

2.5. Quantification of the degree of cell binding 

IFN-7-activated BEAS-2B cells were detached 
from culture flasks with trypsin/EDTA (Gibco) in 
phosphate-buffered salt solution (PBS) for 5 min at 
37°C, pelleted by centrifugation (5 min at 750 X^) 
and washed once with immunofluorescence (IF) buff- 
er (1% bovine serum albumin and 0.05% sodium 
azide in PBS, pH 7.4). A typical washing step in- 
volved resuspension of cells into 1 ml of indicated 
buffer, followed by centrifugation (5 min at 
750Xg). Cells (2.5 X10 5 cells for each sample) were 
resuspended in 300 \i\ of IF buffer containing varying 
concentrations of control liposomes or F10.2 immu- 
noliposomes with entrapped calcein as fluorescent 
label. Cells were incubated in the presence of lipo- 
somes for 1 h on ice, washed three times with IF 
buffer to remove unbound liposomes and resus- 
pended in 300 |xl IF buffer before a sample of 50 nl 
was taken (corresponding to 2.5 X 10 4 cells). Samples 
were diluted with 150 fxl of 1% Triton X-100 in PBS 
and incubated for 15 min at room temperature. Solu- 
bilised samples were transferred to a 96-well plate 
and the fluorescence intensity of the sample was 
measured with a LS-50B luminescence spectrometer 
(Perkin Elmer, Beaconsfield, Bucks, UK) with exci- 
tation wavelength set at 490 nm and emission at 
520 nm. A reference curve was constructed from cal- 
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cein-containing F10.2 immunoliposomes with a 
known phospholipid concentration. Background val- 
ue was obtained from solubilised cells without prior 
incubation with liposomes. 

2.6. Cellular inter nalisation assays 

2.6 J. Determination of the amount of cell surface- 
bound immunoliposomes as a function of 
incubation time 
Cell surface-bound F10.2 immunoliposomes were 
determined by indirect immunofluorescence analysis 
as described by Suzuki et al. [38]. In short, IFN-y- 
activated BEAS-2B cells (2X10 5 ) were detached 
from culture flasks using trypsin/EDTA and 2X10 5 
cells were incubated with F10.2 immunoliposomes 
(0.5 pmol phospholipid/ml) in a total volume of 
200 |il keratinocyte medium for 60 min on ice. Cells 
were washed twice with ice-cold keratinocyte me- 
dium, resuspended into 300 uj medium and cultured 
for 0-3 h at 37°C. Cells were washed once with IF 
buffer and incubated with goat anti-mouse IgG fluo- 
rescently labelled with phycoerythrin (100 fold di- 
luted in IF buffer) for 30 min on ice. After washing 
twice with IF buffer, cells were analysed by flow 
cytometry using a FACscan flow cytometer (Becton 
and Dickinson, Mountain View, CA, USA). The 
procedure above was also performed on formalde- 
hyde-fixed cells (cells were fixed by incubating with 
2% formaldehyde in PBS for 10 min at room temper- 
ature). 

2.6.2. Determination of intracellular calcein 
Detached IFN-y-stimulated BEAS-2B cells were 

incubated with calcein containing F10.2 immunolipo- 
somes as described in Section 2.6.1. After two wash- 
ing steps with ice-cold keratinocyte medium to re- 
move the unbound liposomes, cells were cultured at 
37°C for varying time periods (0-2 h). Hereafter, 
cells were incubated for 10 min in citric acid buffer 
(40 mM citric acid, 120 mM NaCl, pH 3.0), washed 
twice with IF buffer and analysed by flow cytometry 
using a FACscan flow cytometer for cell-associated 
calcein fluorescence. The mean fluorescence intensity 
of 10000 cells was determined for each sample. 

2.6.3. Confocal laser microscopy 

In these experiments, the F10.2 immunoliposomes 



contained encapsulated calcein (90 mM) as a fluores- 
cent aqueous content marker and were labelled with 
rhodamine-PE as a liposomal lipid marker. De- 
tached, IFN-y-stimulated BEAS-2B cells were mixed 
with F10.2 immunoliposomes in keratinocyte me- 
dium on ice as described above (Section 2.6.1). Cells 
were washed once with IF buffer and once with ker- 
atinocyte SFM medium and resuspended into 300 \x\ 
medium. Subsequently, cells were incubated for vary- 
ing time periods (0-60 min) at 37°C. Thereafter, cells 
were either washed twice with IF buffer or three 
times with citric acid buffer (pH 3.0) and once with 
IF buffer (pH 7.4). Cells were then fixed with 2% 
formaldehyde in PBS for 1 h on ice and fixed to 
slides. Fixed cells were analysed for fluorescence us- 
ing a laser confocal scanning microscope (Leica TCS 
NT Laser confocal scanning microscope, Heidelberg, 
Germany). By using filters of 525-550 nm and > 590 
nm, rhodamine and calcein fluorescence could be de- 
tected separately. 



3. Results and discussion 

3.1. Quantification of the degree of cell binding 

In a previous study, we have demonstrated that 
F10.2 immunoliposomes are able to specifically 
bind to different cell types expressing ICAM-1. The 
degree of cell binding appeared to be positively cor- 
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Liposomes added {\imo\ PL/ml) 

Fig. 1. Effect of liposome concentration on the extent of lipo- 
some binding to BEAS-2B cells. INF-Y-stimulated BEAS-2B 
cells (1 X 10 6 cell/ml) were incubated with F10.2 immunolipo- 
somes ( ) or with control liposomes (O) for 1 h on ice. After 
removal of unbound liposomes, cell-associated calcein fluores : 
cence was determined with a ftuorometer (fl=3). 
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related with the degree of ICAM-1 expression [19]. In 
this study, we have quantified the degree of binding 
of F10.2 immunoliposomes to IFN-y-activated 
BEAS-2B ceils. The activated epithelial cells were 
used as a model system to study targeting efficiency 
of F10.2 immunoliposomes to cells with an increased 
expression of ICAM-1 as found at sites of inflamma- 
tion. The degree of binding of F10.2 immunolipo- 
somes to IFN-y-stimulated BEAS-2B cells was fluo- 
rometrically determined by analysing cell-associated 
calcein fluorescence after cells were incubated with 
calcein-containing F10.2 immunoliposomes for 1 h 
on ice. Fig, 1 shows that the absolute amount of 
cell-bound immunoliposomes increased with increas- 
ing concentrations of calcein-containing F10.2 immu- 
noliposomes. Control liposomes with the same lipid 
composition but without conjugated F10.2 mAbs 
showed a much lower degree of cell binding. From 
the calcein fluorescence values, the number of bound 
liposomes per cell can be estimated, assuming an 
average of 1.5 phospholipid bilayers per liposome 
and an average size of 200 nm (Fig. 2). At the highest 
concentration of F10.2 immunoliposomes used, ap- 
proximately 15400 liposome particles are estimated 
to be bound per cell. However, at such high concen- 
trations, liposomes without conjugated F10.2 mAbs 



also show considerable cell binding (4200 liposomes 
bound per cell), indicating that at high liposome con- 
centrations part of the cell binding is mediated by 
other interactions than antibody-antigen interaction. 
Therefore, the experiments described below were car- 
ried out with immunoliposome concentrations of 
300-500 nmol phospholipid/ml, at which the binding 
ratio of F10.2 immunoliposome versus control lip- 
osomes is maximal. At these concentrations, approx- 
imately 4000-7000 F10.2 immunoliposomal particles 
were binding per cell as compared to only 200-300 
particles in case of control liposomes. 

3.2. Determination of the amount of cell surface- 
bound F10.2 immunoliposomes as a function of 
incubation time 

Cell surface-bound F10.2 immunoliposomes were 
determined by indirect immunofluorescence analysis 
as a function of incubation time at 37°Q Cells were 
incubated with F10.2 immunoliposomes for 1 h on 
ice and after removal of unbound particles, the cells 
were cultured at 37°C for varying time periods before 
analysis by flow cytometry. The amount of immuno- 
liposomes that could be detected on the surface of 
BEAS-2B cells with FITC-conjugated antibodies di- 
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Liposomes added (nmol PL/ml) 

Fig. 2. Effect of liposome concentration on the number of liposomes bound per cell. IFN-y-stimulated BEAS-2B cells were incubated 
with F10.2 immunoliposomes (black bars) or with control liposomes (white bars) essentially as described in Fig. 1. The exact values 
of the number of bound liposomes are depicted above each bar. Results of a typical experiment are shown. 
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Fig. 3. Determination of cell surface-bound F10.2 immunolipo- 
somes on BEAS-2B cells during prolonged incubation periods 
at 37°C. Intact (•) or formaldehyde-fixed (O) cells (1 X l0 6 /ml) 
were incubated with F10.2 immunoliposomes (500 nmol phos- 
pholipid/ml) for 1 h on ice, washed twice with keratinocyte- 
SFM medium (without serum), and then cultured at 37°C in 
SFM medium for the indicated time periods. Subsequently, cells 
were labelled with phycoerythrin-conjugated goat anti-mouse 
rhAbs and analysed by flow cytometry (n = 4). 



rected against the liposome conjugated antibodies 
decreased during prolonged incubation times at 
37°C (Fig. 3). After 1 h incubation at 37°C, 60% of 
the starting amount of cell-bound liposomes had dis- 
appeared from the cell surface. Control experiments 
using cells fixed with formaldehyde prior to liposome 
binding did not show any reduction in the amount of 
cell-bound F10.2 immunoliposomes, indicating that 
the decrease of cell surface-bound immunoliposomes 
is not caused by dissociation of immunoliposomes 
from the cell surface, but is related to an active cel- 
lular process. This finding strongly suggested that 
F10.2 immunoliposomes are internalised by BEAS- 
2B cells. 

33. Calcein release from F10.2 immunoliposomes 
during cellular internalisation 

The next step was to look at the fate of the encap- 
sulated fluorescent marker calcein upon internalisa- 
tion of F10.2 immunoliposomes by BEAS-2B cells. 
Cells were incubated with F10.2 immunoliposomes 
for 1 h on ice and unbound particles were washed 
away. Hereafter, cell-associated calcein fluorescence 
was determined by flow cytometry, either directly or 
after 1 h incubation at 37°C (Fig. 4). The results 
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Cell-associated calcein fluorescence 
Fig. 4. Flow cytometric analysis of cell-associated calcein fluo- 
rescence. BEAS-2B cells were incubated with F10.2 immuno- 
liposomes (500 nmol phospholipid/ml) on ice and unbound lipo- 
somes were removed. Thereafter cells were either directly 
analysed for associated calcein fluorescence (solid line) or after 
1 h incubation at 37°C (dotted line). Autofluorescence of 
BEAS-2B cells is also illustrated (in black). 



show that after 1 h incubation at 37°C, the amount 
of cell-associated calcein fluoresence had increased in 
comparison with the cell-associated calcein fluores- 
cence before the 1 h incubation at 37°C. As calcein 
is encapsulated in the liposomes at a quenching 
concentration (90 mM), an increase of calcein 
fluorescence intensity can be explained as a de- 
quenching effect due to calcein release from the 
liposomes. 

In order to demonstrate that dequenching of cal- 
cein fluorescence is caused by the intracellular release 
of calcein from internalised F10.2 immunoliposomes 
and not merely by extracellular leakage of encapsu- 
lated calcein from cell-bound F10.2 immunolipo- 
somes, an attempt was made to remove the cell- 
bound immunoliposomes by short exposure to low 
pH (10 min at pH 3.0). It is described in the litera- 
ture that such exposure to low pH will liberate im- 
munoliposomes from the cell surface, without dis- 
rupting the cell membrane [39,40]. However, 
confocal laser microscopic analysis showed us that 
acidic exposure of BEAS-2B cells does not result in 
the detachment of bound F10.2 immunoliposomes 
from the cell surface, but rather in release of calcein 
from the cell-bound liposomes (see below, Fig. 
6B,D). Nevertheless, acidic treatment of cells can 
be used to discriminate between immunoliposome- 
encapsulated calcein located at the cell surface from 
internalised immunoliposome-encapsulated calcein as 
this method completely removes immunoliposome- 
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Fig. 5. Flow cytometric analysis of immunoliposome-encapsulated calcein interna lisation into BEAS-2B cells. Cells (1 X 10 6 cells/ml) 
were incubated with F10.2 immunoliposomes at a concentration of 500 nmol phospholipid/ml for 1 h on ice, washed twice with kera- 
tinocyte-SFM medium and incubated at 37°C in SFM medium for the indicated time periods. Thereafter, cells were exposed to acidic 
condition (citric acid buffer, pH 3.0) for 10 min and washed twice with IF buffer before flow cytometric analysis (/i = 2). 



encapsulated calcein fluorescence located at the cell 
surface. The acid treatment method was used to de- 
termine the degree of intracellular calcein-fluores- 
cence as a function of incubation time at 37°C 
(Fig. 5). For this experiment, cells were pre-incu- 
bated with F10.2 immunoliposomes for 1 h on ice 
to load cells with immunoliposomes. Hereafter, cells 
were cultured at 37°C for varying time periods fol- 
lowed by acid treatment to remove the calcein from 
immunoliposomes located at the cell surface. Fig. 5 
shows that the amount of intracellular calcein fluo- 
rescence increases at increasing incubation times at 
37°C. The observation that cell-associated calcein 
fluorescence decreases after 2 h incubation at 37°C 
may be caused by intracellular compounds that are 
able to quench the calcein fluorescence. For example, 
Fe 2+ ions present in the cell will quench calcein fluo- 
rescence [41]. However, the possibility that calcein 
that is released intracellular^ will subsequently leak 
out of the cells cannot be excluded. 



3 A. Confocal laser microscopic analysis of F10.2 
immunolipQSome internalisation and subsequent 
intracellular release of calcein 

We have further analysed the process of liposome 
internalisation by confocal laser microscopy (Fig. 6). 
Cells were incubated with F10.2 immunoliposomes 
containing two fluorescent markers; rhodamine-PE 
as a lipid marker and encapsulated calcein as an 
aqueous marker. After incubation for 1 h at 4°C, 
both calcein fluorescence and rhodamine fluorescence 
were observed associated with the cell membrane 
(Fig. 6A). By superimposing two pictures taken with 
two different filter settings (525-550 nm and > 590 
nm), it can be seen that the liposomal membrane 
marker rhodamine-PE and the aqueous marker cal- 
cein are co-localised as visualised by the yellow fluo- 
rescence. Calcein fluorescence, but not rhodamine 
fluorescence, could be removed from the cell surface 
by exposing the cells for 10 min to pH 3.0 (Fig. 6B). 



Fig. 6. Confocal laser microscopic analysis of the internalisation of F10.2 immunoliposomes containing calcein and rhodamine-PE as 
fluorescent tracers into IFN-y-activated BEAS-2B cells. BEAS-2B cells were incubated with F10.2 immunoliposomes either for 1 h on 
ice (A,B) or for 1 h on ice and subsequently for 1 h at 37°C (C,D). Thereafter, cells were either directly analysed by confocal laser 
microscopy (A,C) or exposed to citric acid buffer (pH 3.0) for 10 min (B,D) before analysis. Used filter settings were 525-550 nm 
(green fluorescence) and > 590 nm (red fluorescence). Superimposed pictures of both filter settings are also illustrated. 
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[57] ABSTRACT 

A. method of delivering an active agent to a target tissue, 
particularly neoplastic tissue, vascular anomaly or tumor 
tissue, in a vertebrate subject. The method includes the steps 
of exposing the target tissue to ionizing radiation; and 
administering a delivery vehicle to the vertebrate subject 
before, after, during, or combinations thereof, exposing the 
target tissue to the ionizing radiation. The delivery vehicle 
includes the active agent and delivers the agent to the target 
tissue. Exemplary delivery vehicles include platelets; leu- 
kocytes; proteins or peptides which bind activated platelets; 
antibodies which bind activated platelets; microspheres 
coated with proteins or peptides which bind activated plate- 
lets; liposomes conjugated to platelets, leukocytes, proteins 
or peptides which bind activated platelets, or antibodies 
which bind activated platelets; and combinations thereof. 
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X-RAY GUIDED DRUG DELIVERY 

GRANT STAFEMENT 

'111 is invention was made in part from government support 
under Grant Nos. CA70937 and CA58508 from the National 
Institute of Health. Thus, the U.S. Government has certain 
rights in the invention. 

TECHNICAL FIELD 

'Hie present invention relates to a method for selective in 
vivo delivery of therapeutic or imaging agents. More 
particularly, the present invention relates to method for 
selective in vivo delivery of therapeutic or imaging agents 
using ionizing radiation as a guide for the selective delivery. 

TABLE OF ABBREVIATIONS 

AcNPV — Autograph californica nuclear polyhidrosis virus 

AVM — arteriovenous malformation(s) 

BPR — bovine pancreatic ribonuclease 

CAM — cell adhesion molecule 

CaMV — Cauliflower mosaic virus 

cGy — centiGray 

Gy — Gray 

CD62P — P-selectin 

CD63 — cell adhesion molecule 63 

CT — computed tomography 

DDAVP— depoprovera 

DT — diphtheria loxin 

EL1SA — enzyme linked immunosorbent assay 
GEL — gelonin 

GP-lIb— platelet membrane glycoprotein Hb 
GP-III a— platelet membrane glycoprotein Ilia 
GST— glutathione S-transferase 
h or hr — hour(s) 

HUVEC — human umbilical vein endothelial cells 
IL-8 — interleukin-8 
keV — kiloelectron volts 
kV— kilovolt(s) 
min — minutc(s) 

MRI — nuclear magnetic resonance imaging 

MV — megavolt(s) 

nM — nanomoles 

PBS — phosphate buffered saline 

PPP — platelet poor plasma 

PRP — platelet rich plasma , . 

PAP — pokeweed antiviral protein 

PE — Pseudomonas exotoxin 

PET — positron emission tomography 

RES — reticular endothelial system 

RSVE — reconstituted Sendai virus envelopes 

SAP — saporin 

SMPT — 4-succinimidyloxycarbonyl-methy l-(2- 

pyridyldithio)-toluene 
SPDP — N-succinimidyl-3-(2-pyridyldilhio)propionate 
SPECT — single photon emission computed tomography 
TMV — Tobacco mosaic virus 
WPB— Wcibcl-Paladc body 

BACKGROUND ART 

Ionizing radiation has been used to attenuate bleeding 
from tumors for the past three decades. See G. II. Fletcher; 
Textbook of Radiotherapy. Philadelphia, Lea and Fcbigcr 
(1 975). The primary examples of this use are in the treatment 
ot menorrhagia from cervical carcinoma, hemoptysis from 
lung cancer and gastrointestinal bleeding from rectal and 
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gastric carcinomas. 'Hie dose that is recommended to control 
bleeding from tumors is 400 to 500 cGy/fraction given for 
three consecutive days, as described by G. H. Fletcher, 
Textbook of Radiotherapy, Philadelphia, Lea and Febiger 

5 (1975) and by A. M. Markoe, Radiation Oncologic 
Emergencies , in Principles and Practice of Radiation 
Oncology 1267-1270 (1987). However, the efficacy of this 
regimen is not well documented. Moreover, the mechanism 
of radiation-induced control of bleeding is unknown. 

10 Currently practiced methods of tumor specific drug deliv- 
ery involve the use of antibody conjugates to liposomes and 
viral vectors. These methods are specific for tumor subtype 
or are nonspecific in localization. These limitations are 
significant in that, on the one hand, only certain types of 

15 tumors may be treated and, on the other hand, nonspecific 
localization produces undesirable collateral damage to oth- 
erwise healthy tissue. 

Techniques for loading platelets have been disclosed in 
the art. For example, U.S. Pat. No. 5,292,524 issued to Male 

20 ct al. on Mar. 8, 1994 discloses the preparation of loaded 
blood platelets which include a loading vehicle selected 
from the group consisting of liposomes and reconstituted 
Sendai vims envelopes. A diagnostic or therapeutic agent is 
encapsulated within the loading vehicle. However, there is 

25 no disclosure of a targeting technique for the loaded plate- 
lets. 

U.S. Pat. No. 5^28,840 issued Jul. 12, 1994 to Coller 
discloses a method for preparing a targeted carrier erythro- 
3Q cyte by conjugating the erythrocyte with a particular 
polypeptide sequence. Thus, the targeting technique dis- 
closed in Coller involves a complicated conjugation reac- 
tion. 

In view of the shortcomings of the aforementioned 
35 techniques, there remains significant need in the field for 
advances in the tissue-selective delivery of therapeutic and 
imaging agents. Moreover, there remains a substantial need 
in the art for an improved method for the selective delivery 
of therapeutic or imaging agents to neoplastic tissue. Indeed, 
^ a particularly desirable method would provide for the spe- 
cific delivery of a therapeutic or imaging agent to a wide 
variety of neoplasms while at the same time would maintain 
specificity for neoplastic tissue. Such a method is currently 
not available in the art. 

45 DISCLOSURE OF THE INVENTION 

A method of targeting a tissue in a vertebrate subject for 
delivery of an active agent is disclosed. The method com- 
prises, the step of exposing the tissue to ionizing radiation 

SQ before, after, during, or combinations thereof, administration 
of a delivery vehicle comprising the active agent to the 
vertebrate subject. 

A method of delivering an active agent to a target tissue 
in a vertebrate subject is also disclosed. The method com- 

55 prises the steps of exposing the target tissue to ionizing 
radiation; and administering a delivery vehicle to the ver- 
tebrate subject before, after, during, or combinations thereof, 
exposing the target tissue to the ionizing radiation, the 
delivery vehicle comprising the active agent, whereby the 

60 delivery vehicle aggregates in the target tissue to thereby 
deliver the agent to the target tissue. 

Neoplasms and vascular anomalies comprise examples of 
target tissues. Therapeutic and imaging agents are particu- 
larly contemplated active agents, ltius, a method of treating 

65 a neoplasm in a vertebrate subject is also disclosed herein. 
It is therefore an object of the present invention to provide 
an improved method for selectively delivering an active 
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agent to a target tissue, and particularly to neoplastic tissue The term "therapeutic agent" is meant to refer to any 

or vascular anomaly, in a vertebrate subject. agent having a therapeutic effect, including but not limited 

It is another object of the present invention to provide a lo chemotherapeutics, toxins, radio therapeutics, or radiosen- 

mcthod for delivering an active agent to a neoplasm in a sitizing agents. 

vertebrate subject which is applicable to a wide variety of 5 The term "chcmothcrapeutic" Ls meant to refer to com- 

neoplasms. pounds that, when contacted with and/or incorporated into a 

It is a further object of the present invention to provide a ^ produce an effect on the cell, including causing the 

method for selectively delivering an active agent to a dcaln of thc ccll > inhibiting cell division or inducing diflfcr- 

neoplasm in a vertebrate subject which provides for the cntiation. 

selective delivery of thc active agent using a noninvasive 10 The term "toxin" is meant to refer to compounds that, 

targeting step. when contacted with and/or incorporated into a cell, produce 

Some of thc objects of thc invention having been stated ^ e death °f tnc 

hereinabove, other objects will become evident as thc The term "radiotherapeutic" is meant to refer to radionu- 

description proceeds, when taken in connection with thc elides which when contacted with and/or incorporated into 

accompanying Examples as best described hereinbelow. a cell, produce the death of the cell. 

The term "radiosensitizing agent" is meant to refer to 

DETAILED DESCRIPTION OF THE agents which increase the susceptibility of cells to the 

INVENTION damaging effects of ionizing radiation or which become 

r*- i j u • • .u • • l tL . , . more toxic to a cell after exposure of the cell to ionizing 

Disclosed herein is the surprising observation that plate- 20 . . ... r % 

x „ . • . i - j « ■ ■ « radiation. A radiosensitizing agent permits lower doses of 

lets aggregate in tumor vessels in a dose and tunc dependent , . , . 5 j it •_• \ • 

7 ,l . « » i ■ - - j . . radiation to be administered and still provide a thcrapculi- 

manncr when the tumor is irradiated with ionizing radiation, c ff cct ; vc j osc 

such as X-radiation. A method for delivering an active agent * «. 

to a target tissue, such as tumor tissue or other neoplastic J 1 * tenn w paging agent is meant to refer to compounds 

which can be detected 

tissue, using a delivery vehicle comprising the active agent, 25 

and using ionizing radiation to target the tissue of interest is ^ lerm "neoplasm" is meant to refer to an abnormal 

thus contemplated in accordance with the present invention. mas ? of tissue or cclLs * 11,6 g rowlh of these tLssues or <* Ils 

A . , . . • • #u u *t. * exceeds and is uncoordinated with that of the normal tissues 

Also disclosed herein is the surprising observation that nr « . n , - ( . . . 

fl , „ . i i » i • i i or ce *ls ao " persists in the same excessive manner after 

expression of the cell adhesion molecule P-selectm is local- r * . ... , , . , * 

- , • «, , , Ci . . . m cessation or the stimuli which evoked the change. Iriese 

ized in the vascular lumen of tumor blood vessels when the 30 _ , ,. „ . . . r , # 5 . 

, . . neoplastic tissues or cells show a lack of structural organi- 

lumor is irradiated, llus observation was made in a wide nnA ~ ^- *- i *- . i .* *7 

c t A . 4L ■ A , : . A . zation and coordination relative to normal tissues or cells 

variety of tumors. Although applicant does not wish to be . „ .. u . n ... 

. j . . x. c *• * - * which usually results in a mass of tissues or cells which can 

bound by any particular theory of operation, it is contem- ,- t 0 , . t , . 

plated that P-selectin mediates platelet aggregation in irra- ^"^"^mgn or mahgnant^ntemplated neoplasms thus 

dialed tumor blood vessels. . 35 311 ^ ° f «"«••. »*J»g° mtracramal neoplasms, 

and aberrant blood vessels such as arteriovenous malforma- 

While the following terms are believed to be well under- ti ons (AVM), angiomas, macular degeneration, and other 

stood by one of ordinary skill in the art, the following ^ vascular anomalies. As would be apparent to one of - 

definitions are set forth to facilitate explanation of the ordinary skill in the art, the term "tumor" typically refers to 

invention. ^ a Iarger oeoplastic mass 

Thc term "ionizing radiation" is meant to refer to any As used herein, neoplasm includes any neoplasm, includ- 

radiation where a nuclear particle has sufficient energy to ing particularly all forms of cancer. This includes, but is not 

remove an electron or other particle from an atom or limited to, melanoma, adenocarcinoma, malignant glioma, 

molecule, thus producing an ion and a free electron or other prostatic carcinoma, kidney carcinoma, bladder carcinoma, 

particle. Examples of such ionizing radiation include, but are 45 pancreatic carcinoma, thyroid carcinoma, lung carcinoma, 

not limited to, gamma rays, X-rays, protons, electrons and colon carcinoma, rectal carcinoma, brain carcinoma, liver 

alpha particles. Ionizing radiation is commonly used in carcinoma, breast carcinoma, ovary carcinoma, and the like, 

medical radiotherapy and the specific techniques for such This also includes, but Ls not limited to, solid tumors, solid 

treatment will be apparent to a skilled practitioner in the art. tumor metastases, angiofibromas, retrolental fibroplasia, 

The term "delivery vehicle" as used herein is meant to 50 hemangiomas, Karposi's sarcoma and the like cancers 

refer to any cell, molecule, peptide, conjugate, article or which require neovascularization to support tumor growth, 

other vehicle as would be appreciated by one of ordinary The phrase "treating a neoplasm" includes, but Ls not 

skill in thc art after reviewing thc disclosure of thc present limited to, halting the growth of the neoplasm, killing the 

application that can be used to carry an active agent to a neoplasm, reducing the size of the neoplasm, or obliterating 

target tissue in accordance with thc present invention: A 55 a neoplasm comprising a vascular anomaly. Halting the 

particularly contemplated delivery vehicle is characterized growth of the neoplasm refers to halting any increase in the 

by an ability to preferentially bind activated platelets. More size of the neoplasm or the neoplastic cells, or halting thc 

particularly, contemplated delivery vehicles include, but arc division of thc neoplasm or thc neoplastic cells. Reducing 

not limited lo, platelets; leukocytes; proteins or peptides the size of the neoplasm relates lo reducing thc size of thc 

which bind activated platelets; antibodies which bind acti- ^ neoplasm or thc neoplastic cells. 

vatcd platelets; microspheres coated with proteins or pep- Th c term "subject" as used herein refers to any target of 

tides which bind activated platelets; liposomes conjugated to the treatment. Also provided by the present invention Ls a 

platelets, leukocytes, proleins or peptides which bind acti- method of treating neoplastic cells which were grown in 

valed platelets, or antibodies which bind activated platelets; tissue culture. Also provided by the present invention Ls a 

and combinations thereof. 65 method of treating neoplastic cells in situ, or in their normal 

I rie term "active agenl" is meant to refer to compounds position or location, for example, neoplastic cells of breast 

that are therapeutic agenls or imaging agents. or prostate tumors. These in situ neoplasms can be located 
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within or on a wide variety of hosts; for example, human is not a tumor or species-specific event. There was no 

hosts, canine hosts, feline hosts, equine hosts, bovine hosts, increase in P-sclcctin staining at 1 Gy but efficient localiza- 

porcinc hosts, and the like. Any host in which is found a tion occurred with 2, 4, 10 and 20 Gy. P-sclcctin staining of 

neoplasm or neoplastic cells can be treated and is accor- tumors increased over 24 hours following 10 Gy but not 2 

dance with the present invention. 5 Gy. 

The terms "pharmaceutical^ acceptable", "physiologi- ^ radial ion- induced increase in P-selcctin was shown to 

cally tolerable" and grammatical variations thereof, as they resuh 10 P Ialclct aggregation, [mmunohistochemical studies 

refer to compositions, carriers, diluents and reagents, arc u f m & GF -" b anc J GP-UIa rcvcalcd lhc Pectin is of 

used interchangeably and represent that the materials arc P 1 ^ f > ™t endothelial, origin. .Using anti-GP-IIb and anti- 

L1 r i • * . ,• u . u- . « GP-IIIa antibodies there was increased staining 6 and 24 

capable ol administration to or upon a vertebrate subject 10 . r ... . . 

...... , r i - li u • i * i <r . hours alter radiation. Animal studies using lmmunoOuores- 

without the production ot undesirable physiological ellects * . * * c i « i , . j . . i *l , 

1 ... 1 J , , cent staining of platelet aggregates demonstrated that 

such as nausea, dizziness, gastric upset and the like. «• • j j i * i . ?• • . 

' . fo K radiation-induced platelet aggregation occurs in tissues that 

A. General Considerations c ^ PnSelcclin such as lung> co1oi1j sma]1 intestine and 

Weibel-Palade bodies contain several proteins and pro- tumorS) whercas> it & absent m tissues such ^ brain> luo 

teoglycans that mrtiate thrombosis and inflammation. These 15 and j^dncy where there is an absence of P-selectin. 

include P-selectin, von Willebrand factor, 11,-8 and CD63. Animal studies have also shown that radiation-induced 

To determine whether x-rays produce exocytosis of Weibel- platelet aggregation occurs in tumor cells but not in sur- 

Palade bodies (WPB), the vasculature within the mouse rounding P-selectin deficient normal tissue. Therefore, the 

thorax was irradiated and immunohistochemistry for method of the present invention contemplates the selective 

P-selectin was performed. Rapid exocytosis of WPB was 20 targeting of tumors by delivering radiation to target tumors 

observed within 30 minutes of X-irradiation. HUVEC to induce platelet aggregation in tumors and using delivery 

endothelial cells were utilized to study the mechanisms of vehicles which bind activated platelets to carry active agents 

radiation-mediated WPB exocytosis in vitro. Exocytosis was to the tumor while sparing surrounding normal tissue. In 

most efficient at 2 to 5 Gy, whereas higher doses cause accordance with the present invention, then, the use of 

apoptosis in endothelial cells which interferes with exocy- 25 radiation to control cellular adhesion molecules involved in 

tosis. tumor growth is a unique approach to the treatment of 

P-selectin is a cell adhesion molecule that is sequestered neoplasms, 

in storage reservoirs within the vascular endothelium and To determine whether radiation-induced vascular lumen 

alpha granules in platelets. P-selectin is rapidly translocated localization of P-selectin was tumor type-specific or species- 

to the vascular lumen after tissue injury to initiate the 30 specific, tumors in rats, C3H mice, C57BL6 mice, and nude 

adhesion and activation of platelets and leukocytes. The mice were studied. P-sclcctin localization to the vascular 

histologic pattern of P-sc lectin expression in irradiated lumen was present in all tumors and all species studied, 

tumor blood vessels was studied. Irradiated intracranial gliomas showed P-selectin localiza- 

GP-IIb and GP-IIIa are platelet antigens that are not found tion to the vascular lumen within one hour, whereas blood 
in the vascular endothelium. Anti-GP-IIb and anti-GP-IIIa 35 vessels in normal brain showed no P-selectin staining in the 
antibodies were utilized to determine whether the time- endothelium and no localization to the irradiated vascular 
dependent increase in P-selectin staining is due to platelet lumen. Thus, radiation- induced localization of P-selectin to 
aggregation. I ^wis lung carcinoma tumors in C57BL6 mice the vascular lumen is specific to the microvasculature of 
were irradiated and stained with anti-GP-IIb and anli-GP- malignant gliomas and is not present in blood vessels of the 
Ma antibodies. Little GP-IIb or GP-IIIa staining was 40 irradiated normal brain. Radiation-induced P-selectin local- 
observed in blood vessels at 1 hour following irradiation. ization to the vascular lumen increased in time-dependent 
However, GP-IIb and GP-IIIa staining increased at 6 and 24 manner, until 24 hours after irradiation. Thus, the method of 
hours following irradiation. These findings indicate that the the present invention is contemplated to be applicable for the 
increased P-selectin staining within the vascular lumen of delivery of active agents to a broad spectrum of tumor and 
irradiated tumors was, in part, due to platelet aggregation. 45 other neoplastic tissues. 

To verify that platelet aggregation was present in these B. Ionizing Radiation Therapy 

irradiated blood vessels, tissue sections were stained with In accordance with the present invention, ionizing radia- 

anti-GP-Hb and anti-GPIIIa antibodies that stained the plate- tion is used to target tissues or cells, such as neoplastic 

lets. No P-sc lectin, GP-IIb, or GP-IIIa staining was observed tissues or cells, for selective delivery of an active agent via 

in the brain or kidney, but P-sclcctin, GP-IIb, and GP-IIIa 50 a delivery vehicle comprising the active agent. Thus, the 

staining were present in the irradiated lung, intestine and target tissues or cells arc exposed to ionizing radiation, and 

tumor vessels. The P-selectin knockout mouse was used to a delivery vehicle comprising the active agent are adminis- 

study the correlation between platelet aggregation (i.e. tered before, after, during, or combinations thereof, the 

GPIIb or GP-IIIa accumulation) and P-selectin staining in exposure. Examples of such ionizing radiation include, but 

the vascular endothelium. The GP-IIb and GP-IIIa staining 55 are not limited to, gamma rays, X-rays, protons, electrons 

was not localized to the lumen of irradiated blood vessels in and alpha particles. Ionizing radiation is commonly used in 

the knockout mouse, but exlravasaled into the irradiated medical radiotherapy and the specific techniques for such 

lung, intestine and tumors. Red blood cells also exlravasaled treatment will be apparent to one of ordinary skill in the art. 

from irradiated tissues. Therefore, P-sclcctin accumulation By way of particular example; the following ionizing 
in irradiated blood vessels correlated with maintenance of 60 radiation dosage ranges are utilized: about 0.1 to about 50 

the barrier function of the endothelium, and knockout of the Gy, preferably about 2 to about 30 Gy, more preferably 

P-sc lectin gene leads to extravasation of platelets and red about 4 to about 25 Gy, and still more preferably about 10 

blood cells. to about 20 Gy. Particularly contemplated dosage amounts 
Animal studies using rats demonstrated that P-sclcctin is include, but are not limited to, 0.4 (or 40 cGY), 1, 2, 4, 10 
localized within the endothelium of tumor blood vessels 65 and 20 Gy. 

prior to irradiation. One to six hours following irradiation, In an embodiment of the present invention contemplated 
P-selcctin is mobilized to the lumen of the blood vessel. 'I Tiis to be particularly applicable to human subjects, the source of 
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ioni/ing radiation comprises an external beam photon irra- 
diation source, which is typically utilized at energy levels 
ranging from about 4 to about 18 MV per photon beam. 
Appropriate blocks, wedges, and bolus are used to deliver 
adequate dose to the planned target volume of target tissue. 
A preferred minimum source -axis distance comprises about 
80 cm. The subject receives local-regional irradiation via 
fields that arc designed to encompass sites of disease requir- 
ing palliation or primary treatment. All fields are treated 
daily. 

Study, site, treatment intent and normal tissue consider- 
ations arc also contemplated in the determination of dose. 
Examples of preferred dosages ranges arc as follows. For an 
ionizing radiation dose that is administered in 1 fraction, a 
preferred dosage range comprises about 500 to about 1500 
cGy, with a preferred dosage range comprising about 800 to 
about 1200 cGy. For an ionizing radiation dose that is 
administered in 5 fractions, a preferred dosage range com- 
prises about 1000 to about 3000 cGy, with a preferred 
dosage range comprising about 1500 to about 2500 cGy, and 
with a more preferred dosage amount comprising about 
2000 cGy. For an ionizing radiation dose that is administered 
in 10 fractions, a preferred dosage range comprises about 
1000 to about 6000 cGy, with a preferred dosage range 
comprising about 2000 to about 4000 cGy, and with a more 
preferred dosage amount comprising about 3000 cGy. 

For an ionizing radiation dose that is administered in 15 
fractions, a preferred dosage range comprises about 1000 to 
about 7000 cGy, with a preferred dosage range comprising 
about 2000 to about 5000 cGy, and with a more preferred 
dosage amount comprising about 3500 CGy. For an ionizing 
radiation dose that is administered in 30 fractions, a pre- 
ferred dosage range comprises about 2000 to about 12000 
cGy, with a preferred dosage range comprising about 4000 
to about 8000 cGy, and with a more preferred dosage 
amount comprising about 6000 cGy. 
C. Preparation of Delivery Vehicles Comprising Active 
Agents 

Methods for the production of the delivery vehicles 
comprising active agents in accordance with the present 
invention are described herein. For example, delivery 
vehicles, such as cells, peptides, proteins and antibodies, of 
the invention may be linked, or operatively attached, to the 
active agents of the invention by crossl inking or by recom- 
binant DNA techniques. 

Preferred delivery vehicles preferentially bind activated 
platelets. More preferably, contemplated delivery vehicles 
comprise proteins or peptides which bind activated platelets; 
antibodies which bind activated platelets; microspheres 
coated with proteins or peptides which bind activated plate- 
lets; liposomes conjugated to proteins or peptides which 
bind activated platelets, or antibodies which bind activated 
platelets; and combinations thereof. 

Thus, preferred protein or peptide delivery vehicles pref- 
erentially bind activated platelets. Many such proteins or 
peptides are known in the art, and are contemplated for use 
in accordance with the present invention. For example, a 
peptide sold under the registered trademark APCITIDE® by 
Diatide, Inc., of Londonderry, N.H. is a peptide that binds to 
GPIIb/Illa on activated platelets, as described by Taillefcr, 
J., Nuci Med. 38:5 (1997). As is well-known in the art, 
fibrinogen preferentially binds activated platelets. Fibrino- 
gen and apcitidc thus comprise peptide delivery vehicles in 
accordance with the present invention. 

Art-recognized bio-compatible particles, such as micro- 
spheres or liposomes, arc also contemplated for use as 
delivery vehicles. Such particles are adapted for preferential 



binding to activated platelets, such as by conjugating, coat- 
ing or otherwise adhering the particles with or to a peptide 
or antibody that preferentially binds activated platelets. For 
example, fibrinogen-coatcd microspheres (available as 
5 thrombosphercs from Hemospherc, Inc., Irvine, Calif.) bind 
to GPIIb on activated platelets with little binding to the 
reticular endothelial system (RES) or other organs. These 
microspheres comprise preferred delivery vehicles and arc 
conjugated to active agents in accordance with techniques 
10 described immediately below and in the Examples. 

Following platelet activation, several antigens are 
expressed on the surface of platelets. Antibodies arc conju- 
gated to radionuclides, cytotoxic agents, gene therapy vec- 
tors and liposomes for use as delivery vehicles in accordance 
15 with the present invention. Antibody delivery vehicles may 
be mono-specific, bi-specific or multi-specific. That is, the 
antibodies may include sites which bind activated platelets 
and which bind an active agent, such as a gene therapy 
vector, preferably a viral gene therapy vector. Preferred 
20 antibodies comprise anti-P-se lectin, anti-GP-IIb, and anti- 
GP-IIIa antibodies. 

Contemplated antibodies may be polygonal antibodies but 
are preferably monoclonal antibodies. Preparation tech- 
niques for both polyclonal and monoclonal antibodies are 
25 well-known in the art and as such, are not discussed in detail 
herein. See, e.g., Kohler and Milstein, Nature 256:495-497 
(1975); Zola, Monoclonal Antibodies: a Manual of 
Techniques, CRC Press, Inc. (1987). Further, as would be 
understood by one of ordinary skill in the art, the phrase 
30 "monoclonal antibody" in its various grammatical forms 
refers to a population of antibody molecules that contain 
only one species of antibody combining site capable of 
immunore acting with a particular epitope. A monoclonal 
antibody thus typically displays a single binding affinity for 
any epitope with which it immunoreacts. A monoclonal 
antibody may therefore contain an antibody molecule having 
a plurality of antibody combining sites, each immunospe- 
cific for a different epitope, e.g., a bispecific monoclonal 
antibody. 

While several suitable techniques for conjugating moi- 
eties to peptides and antibodies, in general, are well known 
in the art (see e.g., U.S. Pat. Nos. 4,340,535 and 5,776,427, 
and EP 44167, each of which incorporated herein by 
reference), certain advantages may be achieved through the 
application of certain preferred technology, both in the 
preparation of peptide and antibody delivery vehicles com- 
prising active agents and in their purification for subsequent 
clinical administration. For example, while numerous types 
of disulfidc-bond containing linkers arc known which can 
50 successfully be employed to conjugate the active agent with 
the delivery vehicle, certain linkers will generally be pre- 
ferred over other linkers, based on differing pharmacologic 
characteristics and capabilities. For example, linkers that 
contain a disulfide bond that is sterically "hindered" are to 
55 be preferred, due to their greater stability in vivo, thus 
preventing release of the active agent prior to binding at the 
site of action. 

In cases where a releasable active agent is contemplated, 
one desires to have a conjugate that will remain intact under 
60 conditions found everywhere in the body except the 
intended site of action, at which point it is desirable that the 
conjugate have good "release" characteristics. Therefore, the 
particular cross-linking scheme, including the particular 
cross-linking reagent used and the structures that are cross- 
es linked, will be of some significance. 

Cross- linking reagents are used to form molecular bridges 
that tie together functional groups of two different proteins 
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(e.g., a active agent and a delivery vehicle). To link two 
different proteins in a step-wise manner, heterobi functional 
cross-linkers can be used which eliminate the unwanted 
homopolyrner formation. An exemplary heterobi functional 
cross- linker contains two reactive groups: one reacting with 5 
primary amine group (e.g., N-hydroxy succinimide) and the 
other reacting with a thiol group (e.g., pyridyl disulfide, 
malcimides, halogens, etc.). Through the primary amine 
reactive group, the cross-linker may react with the lysine 
rcsidue(s) of one protein (e.g., the selected antibody or in 
fragment) and through the thiol reactive group, the cross- 
linker, already tied up to the first protein, reacts with the 
cysteine residue (free sulfhydryl group) of the other protein. 
Useful heterobifunctional crosslinking agents include 
4-succinimidyIoxycarbonyl-methyI-(2-pyridyldithio)- 15 
toluene (SMPT) or N-succinimidyl-3-(2-pyridyIdithio) 
propionate (SPDP), both of which can be obtained from 
Pierce, Rockland, 111. 

The spacer arm between these two reactive groups of any 
cross-linkers may have various length and chemical com- 20 
position. A longer spacer arm allows a better flexibility of 
the conjugate components while some particular compo- 
nents in the bridge (e.g., benzene group) may lend extra 
stability to the reactive group or an increased resistance of 
the chemical link to the action of various aspects (e.g., 
disulfide bond resistant to reducing agents). 

An exemplary cross-linking reagent is SMPT, which is a 
Afunctional cross-linker containing a disulfide bond that is 
"sterically hindered" by an adjacent benzene ring and 
methyl groups. It is believed that stearic hindrance of the 
disulfide bond serves a function of protecting the bond from 
attack by thiolatc anions such as glutathione which can be 
present in" tissues and blood, and thereby help in preventing 
decoupling of the conjugate prior to its delivery to the site 
of action by the binding agent. The SMPT cross-linking 
reagent, as with many other known cross-linking reagents, 
lends the ability to cross-link functional groups such as the 
SH of cysteine or primary amines (e.g., the epsilon amino 
group of lysine). Another possible type of cross-linker 
includes the heterobifunctional photo reactive phenylazides 
containing a cleavable disulfide bond such as 
sulfosuccinimidyl-2-(p-azido salicylamido) ethy 1-1,3'- 
dithiopropionate. The N-hydroxy-succinimidyl group reacts 
with primary amino groups and the phenylazide (upon 
photolysis) reacts non-selectively with any amino acid resi- 45 
due. 

Although the "hindered" cross- linkers will generally be 
preferred in the practice of the invention, non-hindered 
linkers can be employed and advantages in accordance 
herewith nevertheless realized. Other useful cross-linkers, 50 
not considered to contain or generate a protected disulfide, 
include SATA, SPDP and 2-iminothiolanc (Thorpe el al., 
Cancer Res. 47:5924-5931 (1987)). The use of such cross- 
linkers is well understood in the art. 

Once conjugated, it will be important to purify the con- 55 
jugate st) as to remove contaminants such as unconjugated 
active agent or delivery vehicle. It Ls important to remove 
unconjugated delivery vehicle to reduce undesired toxicity 
and to avoid the possibility of competition for binding sites 
in the target tissue between conjugated and unconjugated 60 
species. In general, the most preferred purification technique 
will incorporate the use of a column matrix sold under the 
registered trademark BLUE-SEPHAROSE® by Pharmacia, 
Inc., of Piscataway, N.J. with a gel filtration or gel perme- 
ation step. Hie BLUE-SEPIIAROSE© column matrix is a 65 
column matrix composed of a dye sold under the registered 
trademark CIBACRON© BLUE 3C.A by Ciba Goigy Cor- 
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poralion of Ardsley, N.Y. and agarose, which has been found 
to be useful in the purification of immunoconju gates 
(Knowles & 'Uiorpe,^/. Biochem. 120:440-443 (1987)). 
The use of BLUE-SEPIIAROSE® column matrix combines 
the properties of ion exchange with active agent binding to 
provide good separation of conjugated active agent from 
non-conjugated active agent. The BLUE-SEPIIAROSE® 
column matrix allows the elimination of the free (non- 
conjugated) delivery vehicle (e.g., the antibody or fragment) 
from the conjugate preparation. To eliminate the free (non- 
conjugated) active agent a molecular exclusion chromatog- 
raphy step is preferred using cither conventional gel filtra- 
tion procedure or high performance liquid chromatography. 

Alternatively, one may find that the application of recom- 
binant DNA technology to the active agent moiety, will 
provide additional significant benefits in accordance the 
invention. For example, the cloning and expression of active 
agent candidates, particularly toxin candidates, has now 
been described through the publications of others (O'Hare el 
ah, FEBS Lett 210:731 (1987); Lamb el al., Eur Jrnl 
Biochem 148:265-270 (1985); Hailing et al., Nuct Acids Res 
13:8019^8033 (1985)), it is now possible to identify and 
prepare smaller or otherwise variant peptides which never- 
theless exhibit an appropriate active agent activity. 
Moreover, the use of cloned active agent candidates allows 
the application of site-directed mutagenesis, through which 
one can readily prepare and screen for mutated peptides and 
obtain, additional useful moieties for use in connection with 
the present invention. 

Standard recombinant DNA techniques that arc well 
known to those of skill in the art may be utilized to express 
nucleic acids encoding the delivery vehicle/active agent 
compounds of the invention. These methods include, for 
example, in vitro recombinant DNA techniques, synthetic 
35 techniques and in vivo recombination/genetic recombina- 
tion. DNA and RNA synthesis may, additionally, be per- 
formed using an automated synthesizers (see, for example, 
the techniques described in Sambrook et al., Molecular 
Cloning, A Laboratory Manual, Cold Spring Harbor 
40 Laboratory, N.Y (1989); and Ausubel et al., Current Pro- 
tocols in Molecular Biology, Greene Publishing Associates 
and Wiley Interscience, N.Y. (1989). 

When produced via recombinant DNA techniques such as 
those described herein, the delivery vehicle/active agent 
compounds of the invention may be referred to herein as 
"fusion proteins". It is to be understood that such fusion 
proteins contain at least a delivery vehicle and an active 
agent operatively attached, such that the fusion protein may 
be used in accordance with the methods of the present 
invention. The fusion proteins may also include additional 
peptide sequences, such as peptide spacers which opera- 
tively attach the delivery vehicle and active agent, as long as 
such additional sequences do not appreciably affect the 
delivery or active agent activities of the fusion protein. 

Depending on the specific active agent used as part of the 
fusion protein, it may be necessary to provide a peptide 
spacer operatively attaching the delivery vehicle and the 
active agent compound which is capable of folding into a 
disulfide -bonded loop structure. Proteolytic cleavage within 
the loop would then yield a heterodimeric polypeptide 
wherein the delivery vehicle and the active agent compound 
are linked by only a single disulfide bond. See e.g., Lord et 
at., in Genetically Engineered Active Agents (Ed. A. Frank, 
M, Dckker Publ., p. 183) (1992). An example of such a 
active agent is a Ricin A-chain toxin. 

When certain other active agents are utilized, a non- 
cleavable peptide spacer may be provided to operatively 
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attach the delivery vehicle and the active agent of the fusion 
protein. Active agents which may be used in conjunction 
with non-cleavablc peptide spacers arc those which may, 
themselves, be converted by proteolytic cleavage, into a 
cytotoxic disuUide-bonded form (see e.g., Ogata cl ah, J. 
Biol. Chem. 256:20678-20685(1990)). An example of such 
an active agent is a Pseudomonas exotoxin compound. 

Nucleic acids that may be utilized herein comprise nucleic 
acid sequences that encode a delivery vehicle of interest and 
nucleic acid sequences that encode a active agent of interest. 
Such delivery vehicle-encoding and active agent-encoding 
nucleic acid sequences are attached in a manner such that 
translation of the nucleic acid yields the delivery vehicle/ 
active agent composition of the invention. 

Standard techniques, such as those described above may 
be used to construct expression vectors containing the 
above-described nucleic acids and appropriate 
transcriptional/translational control sequences. A variety of 
host-expression vector systems may be utilized. These 
include but are not limited to microorganisms such as 
bacteria (e.g., E. coli, B. subtilis) transformed with recom- 
binant bacteriophage DNA, plasmid DNAor cosraid DNA 
expression vectors containing delivery vehicle/active agent 
coding sequences; yeast (e.g., Saccharomyces, Pichia) trans- 
formed with recombinant yeast expression vectors contain- 
ing delivery vehicle/active agent coding sequences; insect 
cell systems infected with recombinant virus expression 
vectors (e.g., baculovirus) containing the delivery vehicle/ 
active agent coding sequences; plant cell systems infected 
with recombinant virus expression vectors (e.g., cauliflower 
mosaic virus, CaM V; tobacco mosaic virus, TMV) or trans- 
formed with recombinant plasmid expression vectors (e.g., 
Ti plasmid) containing the delivery vehicle/active agent 
coding sequences coding sequence; or mammalian cell 
systems (e.g., COS, CHO, BHK, 293, 3T3) harboring 
recombinant expression constructs containing promoters 
derived from the genome of mammalian cells (e.g., metal- 
lothionein promoter) or from mammalian viruses (e.g., the 
adenovirus late promoter; the vaccinia virus 7.5K promoter; 
lentiviral vectors). 

In bacterial systems a number of expression vectors may 
be advantageously selected depending upon the use intended 
for the delivery vehicle/active agent being expressed. For 
example, when large quantities of delivery vehicle/active 
agent are to be produced for the generation of antibodies or 
to screen peptide libraries, vectors which direct the expres- 
sion of high levels of fusion protein products that are readily 
purified may be desirable. Such vectors include but are not 
limited to the E. coli expression vector pUR278 (Ruther et 
al., EMBOJ 2:1791 (1983)), in which the delivery vehicle/ 
active agent coding sequence may be ligatcd individually 
into the vector in frame with the lac Z coding region so that 
a fusion protein additionally containing a portion of the lac 
Z product is provided; pIN vectors (Inouye et al., Nucleic 
Acids Res. 13:3101-3109 (1985); Van Heeke et al.,7. Biol. 
Chem. 264:550^-5509 (1989)); and the like. pGEX vectors 
may also be used to express foreign polypeptides, such as 
the delivery vehicle/active agents as fusion proteins addi- 
tionally containing glutathione S-lransl erase (GST). In 
general, such fusion proteins are soluble and can easily be 
purified from lysed cells by adsorption to glutathione- 
agarose beads followed by elution in the presence of free 
glutathione. The pGEX vectors arc designed to include 
thrombin or factor Xa protease cleavage sites so that the 
delivery vehicle/active agent protein of the fusion protein 
can be released from the GST moiety. 

In an insect system, Autograph californica nuclear poly- 
hidrosis virus (AcNPV) is used as a vector to express foreign 
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genes. The virus grows in Spodopteru frugipcrda cells. The 
delivery vehicle/active agent coding sequences may be 
cloned into non-essential regions (for example the polyhe- 
drin gene) of the virus and placed under control of an 

5 AcNPV promoter (for example the polyhcdrin promoter). 
Successful insertion of the delivery vehicle/active agent 
coding sequences will result in in activation of the polyhc- 
drin gene and production of non-occluded recombinant virus 
(i.e., virus lacking the proteinaceous coat coded for by the 

10 polyhedrin gene). These recombinant viruses arc then used 
to infect Spodoptera frugipcrda cells in which the inserted 
gene is expressed (sec e.g., Smith et ah, J. Virol. 46:584 

(1983) ; U.S. Pat. No. 4,215,051). 

In mammalian host cells, a number of viral based expres- 
15 sion systems may be utilized. In cases where an adenovirus 
Is used as an expression vector, the delivery vehicle/active 
agent coding sequences may be ligated to an adenovirus 
transcription/translation control complex, e.g., the late pro- 
moter and tripartite leader sequence. This chimeric gene 
20 may then be inserted in the adenovirus genome by in vitro 
or in vivo recombination. Insertion in a non-essential region 
of the viral genome (e.g., region El or E3) will result in a 
recombinant virus that is viable and capable of expressing 
delivery vehicle/active agent proteins in infected hosts (see 
25 e.g., Logan et al, Proc. NatL Acad Sci USA 81:3655-3659 

(1984) ). Specific initiation signals may also be required for 
efficient translation of inserted delivery vehicle/active agent 
coding sequences. These signats include the ATG initiation 
cod on and adjacent sequences. Exogenous translational con- 

30 trol signals, including the ATG initiation codon, may addi- 
tionally need to be provided. One of ordinary skill in the art 
would readily be capable of determining this and providing 
the necessary signals. Furthermore, the initiation codon must 
be in phase with the reading frame of the desired coding 

35 sequence to ensure translation of the entire insert. These 
exogenous translational control signals and initiation codons 
can be of a variety of origins, both natural and synthetic. The 
efficiency of expression may be enhanced by the inclusion of 
appropriate transcription enhancer elements, transcription 

40 terminators, etc. (see Bittner et al., Methods in EnzymoL 
153:516-544 (1987)). 

In addition, a host cell strain may be chosen which 
modulates the expression of the inserted sequences, or 
modifies and processes the gene product in the specific 

45 fashion desired. Such modifications (e.g., glycosylation) and 
processing (e.g., cleavage) of protein products may be 
important for the function of the protein. Different host cells 
have characteristic and specific mechanisms for the post- 
translational processing and modification of proteins. 

50 Appropriate cells lines or host systems can be chosen to 
ensure the correct modification and processing of the foreign 
protein expressed. To this end, eukaryotic host cells which 
possess the cellular machinery for proper processing of the 
primary transcript, glycosylation, and phosphorylation of 

55 the gene product may be used. Such mammalian host cells 
include, but are not limited to, CHO, VERO, BHK, Hel*, 
COS, MOCK, 293, 3T3, W138, etc. For long-term, high- 
yield production of recombinant proteins, stable expression 
is preferred. For example, cell lines which stably express 

60 constructs encoding the delivery vehicle/active agent com- 
pounds may be engineered. Rather than using expression 
vectors which contain viral origins of replication, host cells 
can be transformed with delivery vehicle/active agent DNA 
controlled by appropriate expression control elements (e.g., 

65 promoter, enhancer, sequences, transcription terminators, 
polyadenylalion sites, etc.), and a selectable marker. Fol- 
lowing the introduction of foreign DNA, engineered cells 
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may be allowed to grow lor 1 or 2 days in an enriched media, 
and then arc switched to a selective media. Hie selectable 
marker in the recombinant pi asm id confers resistance to the 
selection and allows cells to stably integrate the plasmid into 
their chromosomes and grow to form foci which in turn can 
be cloned and expanded into cell lines. 

A number of selection systems may be used, including, 
but not limited, to the herpes simplex virus thymidine kinase 
(Wigler et al., Cell 11:223 (1977)), hypoxanthine-guanine 
phosphoriboxyltransferase (Szybalska et al, Proc. Nail. 
Acad. Sci. USA 48:2026 (1962)), and adenine phosphoribo- 
syltransfcrasc genes (Lowy et al., Cell 22:817 (1980)) can be 
employed in tk-, hgprt- or aprt-cclls, respectively. Also, 
antimetabolite resistance can be used as the basis of selec- 
tion for dhfr, which confers resistance to methotrexate 
(Wigler et al., Proc. Natl. Acad. Sci. USA 77:3567 (1980); 
O'Hare et al., Proc. Natl. Acad. Sci. USA 78:1527 (1981)); 
gpt, which confers resistance to mycophenolic acid 
(Mulligan et al., Proc Natl Acad Sci USA 78:2072 (1981)); 
neo, which confers resistance to the aminoglycoside G-418 
(Colberre-Garapin et al., J Mol Biol 150:1 (1981)); and 
hygro, which confers resistance to hygromycin (Santerre et 
al., Gene 30:147 (1984)). 

It is contemplated that some of the therapeutic applica- 
tions of the present invention will involve the targeting of an 
active agent moiety to the endothelium, particularly tumor 
endothelium. This is due to the much greater ability of most 
active agents to deliver a cell killing effect as compared to 
other potential agents. However, there may be 
circumstances, such as when the target antigen docs not 
internalize by a route consistent with efficient intoxication 
by delivery vehicle/active agent compounds, such as 
unmunotoxins, where one will desire to target chemothera- 
peutic agents such as antitumor drugs, other cytokines, 
antimetabolites, alkylating agents, hormones, and the like. 
The advantages of these agents over their non-delivery 
vehicle conjugated counterparts is the added selectivity 
afforded by the delivery vehicle, such as an antibody. 
Exemplary agents include, but are not limited to, steroids, 
cytosine arabinoside, methotrexate, aminopterin, 
anthracyclines, mitomycin C, vinca alkaloids, demecolcine, 
etoposide, mithramycin, and the like. This list is, of course, 
merely exemplary in that the technology for attaching phar- 
maceutical agents to delivery vehicles, such as peptides or to 
antibodies, for specific delivery to tissues is well established. 

The technology for attaching paramagnetic, radioactive 
and even fluorogenic ions to delivery vehicles, such as 
peptides and antibodies, is well established. Many of these 
methods involve the use of a metal chelate complex 
employing, for example, an organic chelating agent such a 
DTPA attached to the peptide or to the antibody. Sec e.g., 
U.S. Pat. No. 4,472,509. In the context of the present 
invention the selected ion is thus targeted to the target tissue 
by the delivery vehicle, such as a peptide or an antibody, 
allowing therapy or imaging to proceed by means of the 
attached ion. 

A variety of chemntherapeulic and other pharmacologic 
agenLs have now been successfully conjugated to peptides 
and to antibodies and shown to function pharmacologically 
(see e.g., Vaickus et al., Cancer Invest 9:195-209 (1991)). 
Exemplary antineoplastic agents that have been investigated 
include doxorubicin, daunomycin, methotrexate, 
vinblastine, and various others. Dill man et al., Antibody 
Immiuxocon Radiopharm 1:65-77 (L988); Pielersz et aL, 
A ntibody Immunocon j Radioph a rm 1:79-103 (1 988) . 
Moreover, the attachment of other agents such as ncocarzi- 
nostalin (Kimura et al., Immunogenetics 11:373-381 
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(1980)), macromycin, trenimon (Ghose el al., Meth. Enzy- 
mology 93:280-333 (1983)) and a-amanilin has been 
described. 

In addition to chemotherapcutic agents, the invention is 

5 contemplated to be applicable to the specific delivery of a 
wide variety of other agents to tumor vasculature. For 
example, under certain circumstances, one may desire to 
deliver a coagulant such as Russell's Viper Venom, activated 
Factor IX, activated Factor X or thrombin to the tumor 

10 vasculature. This will result in coagulation of the tumor's 
blood supply. One can also envisage targeting a cell surface 
lytic agent such as phospho lipase C, (Flickingcr & Trost, Eu. 
J. Cancer 12(2):159-60 (1976)) or cobra venom factor 
(CVF) (Vogel & Muller-Eberhard, Anal. Biochem 118(2) 

15 :262-268 (1981))which should lyse the tumor endothelial 
cells directly. The operative attachment of such structures to 
delivery vehicles, such as peptides and antibodies, may be 
readily accomplished, for example, by protein-protein cou- 
pling agents such as SMPT. Moreover, one may desire to use 

20 growth factors, other cytokines or even bacterial endotoxin 
or the lipid A moiety of bacterial endotoxin as active agents, 
in order, e.g., to achieve modulation of cytokine release. llie 
attachment of such substances to peptide and antibody 
delivery vehicles is again well within the skill in the art as 

25 exemplified by Ghose et aL, CRC Critical Reviews in 
Therapeutic Drug Carrier Systems 3:262-359 (1987). 

Thus, it is generally believed to be possible to conjugate 
to peptides and antibodies any active agent that has a 
primary or secondary amine group, hydrazide or hydrazine 

30 group, carboxyl alcohol, phosphate, or alkylating group 
available for binding or cross-linking to the amino acids or 
carbohydrate groups of the peptide or antibody. In the case 
of protein structures, this is most readily achieved by means 
of a cross linking agent as described above. In the case of 

35 doxorubicin and daunomycin, attachment may be achieved 
by means of an acid labile acyl hydrazone or cis aconityl 
linkage between the drug and the peptide or antibody. 
Finally, in the case of methotrexate or aminopterin, attach- 
ment is achieved through a peptide spacer such as L-Ijeu- 

40 L-Ala-L-Leu-L-Ala (SEQ ID NO: 1), between the 
y-carboxyl group of the drug and an amino acid of the 
peptide or antibody. 

Alternatively, any such structures which are nucleic acid- 
encoded structures may be operatively attached to the deliv- 

45 ery vehicles of the invention by standard recombinant DNA 
techniques, such as, for example, those discussed above. 

In accordance with another embodiment of the present 
invention, platelets are used as delivery vehicles for the 
selective delivery of active agents to a target tissue in a 

50 vertebrate subject. Platelets arc loaded or labeled with an 
active agent or agents in accordance with art -recognized 
techniques, such as those described in U.S. Pat. Nos. 5,292, 
524 and 5,328,840, the entire contents of each of which 
herein incorporated by reference. Other techniques, includ- 

55 ing electroporation, for loading or labeling platelets for use 
in accordance with the present invention are described in the 
Examples presented herein below. 

As used herein, the term "loading" refers to the incorpo- 
ration of material inside a delivery vehicle, such as a platelet. 

60 llie incorporated material can be located, for example, 
within the cytoplasm of the platelet or be compartmentalized 
within a vacuole or organelle. The material can be taken up 
or "loaded" into the platelet by a variety of processes, such 
as, for example, phagocytosis, membrane fusion or reccptor- 

65 mediated endocytosis. The pathway by which material is 
taken up is not critical so long as the material to be 
incorporated inside a platelet successfully crosses the plate- 
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let cell membrane. As would be apparent to one of ordinary 
skill in the art, active agents can be loaded directly into 
platelets or can be loaded via a loading vehicle, such as a 
liposome or hapten. 

As disclosed in the Examples presented herein below, 5 
leukocytes bind activated platelets, and as such, arc con- 
templated for use as delivery vehicles in accordance with the 
present invention. Leukocytes are loaded with active agent 
using the techniques described above with respect to the 
conjugation of active agents to peptide and antibody deliv- 
ery vehicles and with respect to the loading of platelets, by 
electroporation or by phagocytosis, membrane fusion or 
receptor-mediated endocytosis. For example, leukocytes can 
be loaded by conjugating with a viral gene therapy vector to 
a platelet binding P-selectin counter receptor (PGSL) on the 
surface of the leukocyte using the conjugation techniques 
disclosed herein above. 
D. Active Agents 

As described hereinabove, the active agent can comprise 
a therapeutic or an imaging agent. The therapeutic agent can 
comprise chemotherapeulic agents, toxins, 20 
radio therapeutics, or radiosensitizing agents. Each agent is 
loaded in a total amount effective to accomplish the desired 
result in the target tissue, whether the desired result be 
imaging the target tissue or treating the target tissue. 

Che mo therapeutics useful as active agents in loaded 25 
platelets are typically small chemical entities produced by 
chemical synthesis. Chemotherapeutics include cytotoxic 
and cytostatic drugs. Chemotherapeutics may include those 
which have other effects on cells such as reversal of the 
transformed state to a differentiated state or those which 
inhibit cell replication. Exemplary chemotherapeulic agents 
include, but arc not limited to, an ti -tumor drugs, cytokines, 
anti- metabolites, alkylating agents, hormones, and the like. 
. Additional examples of chemotherapeutics include com- 
mon cytotoxic or cytostatic drugs such as for example: 
methotrexate (a met ho pterin), doxorubicin (adrimycin), 
daunorubicin, cytosine arabinoside, etoposide, 5-4 
tluorouracil, melphalan, chlorambucil, and other nitrogen 
mustards (e.g. cyclophosphamide), cis-plalinum, vindesine 
(and other vinca alkaloids), mitomycin and bleomycin. 
Other chemotherapeutics include: purothionin (barley flour 
oligopeptide), macromomycin, 1,4-benzoquinone 
derivatives, trenimon, steroids, aminopterin, anthracyclines, 
demecolcine, etoposide, mithramycin, doxorubicin, 
daunomycin, vinblastine, neocarzinostatin, macromycin, 
a-amanitin and the like. Certainly, the use of combinations 
of chemotherapeutic agents is also contemplated in accor- 
dance with the present invention. 

Toxins arc useful as active agents. When a toxin is loaded 
into a platelet, the toxin- loaded platelet is specifically deliv- 
ered to a target tissue by way of exposure of the target tissue 
to ionizing radiation, and the toxin moiety kills cells in the 
tissue. Toxins are generally complex toxic products of 
various organisms including bacteria, plants, etc. 

Exemplary toxins include, but are not limited to, coagu- 
lants such as Russell's Viper Venom, activated Factor IX, 
activated Factor X or thrombin; and cell surface lytic agents 
such as phospho lipase C, ( Flick inger & Trust, Eu. J. Cancer 
12(2): 159-00 (1976)) or cobra venom factor (CVF) (Vogel 
& Mullcr-Eberhard,/W. IVtochem 11 8(2): 262-268 (1981)) 
which should lyse neoplastic cells directly. Additional 
examples of toxins include but are not limited to: ricin, ricin 
A chain (ricin toxin), Pseudomonas exotoxin (PE), diphthe- 
ria toxin (DT), bovine pancreatic ribonuclcase (BPR), 
pokeweed antiviral protein (PAP), abrin, abrin Achain (abrin 
toxin), gelonin (GEE), saporin (SAP), modeccin, viscumin 
and volkensin. 
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Exemplary radiolherapeutic agents include, but are not 
limited to, 47 Sc, r,7 Cu °°Y, t09 Pd, ,23 1, 125 l, ,3, 1, m ln, 1Kr 'Re, 
1BH Rc, 199 Au, 211 At, 212 Pb and 212 Bi. Other radionuclides 
which have been used by those having ordinary skill in the 
art include: 32 P and 33 P, 71 Gc, 77 As, 103 Pb, 105 Rh, ul Ag, 
1J9 Sb, 121 Sn, ,3l Cs, 43 Pr, 16l ll>, 177 Lu, 19J Os, l93 "Pt, 197 Hg, 
all beta negative and/or auger emitters. Some preferred 
radionuclides include: 9 °Y, 131 I, 21l At and 212 Pb/ 2l2 Bi. 

Radiosensitizing agents are substances that increase the 
sensitivity of cells to radiation. Exemplary radiosensitizing 
agents include, but are not limited to, nitroimidazolcs, 
metronidazole and mison id azoic (sec DcVita, V. T Jr. in 
Harrison* s Principles of Internal Medicine , p.68, McGraw- 
Hill Book Co., N.Y. 1983, which is incorporated herein by 
reference), as well as art-recognized boron -neutron capture 
and uranium capture systems. See, e.g., Gabe, D. Radio- 
therapy & Oncology 30:199-205 (1994); Hainfeld,/. Pmc. 
NatL Acad. Set. USA 89:11064-11068 (1992). A delivery 
vehicle comprising a radiosensitizing agent as the active 
moiety is administered and localizes at the target tissue. 
Upon exposure of the tissue to radiation, the radiosensitizing 
agent is "excited" and causes the death of the cell. 

Radiosensitizing agents are also substances which 
become more toxic to a cell after exposure of the cell to 
ionizing radiation. In this case, DNA protein kinase (PK) 
inhibitors, such as R106 and R116 (1COS, Inc.); tyrosine 
kinase inhibitors, such as SU5416 and SU6668 (Sugen Inc.); 
and inhibitors of DNA repair enzymes comprise contem- 
plated examples. 

Another contemplated radiosensitizing agent comprises a 
genetic construct which comprises an enhancer-promoter 
region which is responsive to radiation, and at least one 
structural gene whose expression is controlled by the 
enhancer-promoter. In accordance with the present 
35 invention, methods of destroying, altering, or inactivating 
cells in target tissue by delivering the genetic constructs to 
the cells of the tissues via delivery vehicles and inducing 
expression of the structural gene or genes in the construct by 
exposing the tissues to ionizing radiation are also contem- 
40 plated. Such genetic constructs are loaded, conjugated or 
otherwise linked with a delivery vehicle in accordance with 
art-recognized techniques, such as electroporation and as are 
described herein above. Exemplary genetic constructs and 
related techniques are described in U.S. Pat. Nos. 5,817,636; 
45 5,770,581; 5,641,755; and 5,612318, the entire contents of 
each of which herein incorporated by reference. 
Additionally, the recombinant DNA techniques described 
hereinabove are contemplated to be applicable to the prepa- 
ration of genetic construct active agents. 
50 Exemplary imaging agents include, but arc not limited to, 
paramagnetic, radioactive and fluorogenic ions. Preferably, 
the imaging agent comprises a radioactive imaging agent. 
Exemplary radioactive imaging agents include, but are not 
limited to, gamma-emitters, positron-emitters and x-ray- 
55 emitters. Particularly contemplated radioactive imaging 
agents include, but are not limited to, 43 K, 52 Fe, S7 Co, 67 Cu, 
67 Ga, *«Ga, 77 Br, fi, Rb/ B1 * f Kr, R7 "\Sr, 99 "Tc, m In, n3 In, 
,23 I, ,25 I, ,27 Cs, ,29 Cs, 13l I, 132 1, 197 Hg, :03 Pb and 20r, Bi. 
Other radioactive imaging agents known by one skilled in 
60 the art can be used as well. 
D. Dosages for Active Agents 

Because delivery vehicles are specifically targeted to 
irradiated cells, a delivery vehicle which comprises an active 
agent is administered in a dose less than that which is used 
65 when the active agent is administered directly to a subject, 
preferably in doses that contain up to about 100 times less 
active agent. In some embodiments, delivery vehicles which 
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comprise an active agent are administered in doses that weight of diphtheria toxin A chain is alxmt 10 to atx)ut 100 

contain about 10 to about l(K) times less active agent as an fig of the total weight of the administered dose. In some 

active moiety than the dosage of active agent administered preferred embodiments, delivery vehicles comprising diph- 

directly. 'Ib determine the appropriate dose, the amount of thcri;i toxin A chain are administered in doses in which the 

compound is preferably measured in moles instead of by 5 proportion by weight of diphtheria toxin A chain is about 40 

weight. In thai way, the variable weight of delivery vehicles lo about 80 /<& of thc lola] wci £ ht °f administered dose, 

does not afl'ect the calculation. Aone to one ratio of delivery Thc molecular weight of Pseudomonas exotoxin is 

vehicle to active agent in thc delivery vehicles of the present 22 > mi rhus > Pluming each delivery vehicle includes one 

invention is presumed. molecule of Pscudomonas exotoxin to one delivery vehicle, 

• i • • . , „ delivery vehicles comprising Pscudomonas exotoxin are 

lypically, chemothcrapcutic conjugates are administered to . . .\ . . . ? . . B . . . ^ : - n 

. . , • ... , ] • * i i j it t ™ administered tn doses in which the proportion by weiuhl of 

intravenously in multiple divided doses. Up to 20 am n , , ^^1/. .i^ c % 

..... c l. • . • ii ' i • • . i ««: Pseudomonas exotoxin is about 0.01 to about 100 us, of thc 

IV/dosc of methotrexate us typically administered. When ^ wd h{ of ^ loadcd M{ voh iclc-cxotoxin\lmin- 

methotrexate is administered as thc active moiety in a jstered , n S()mc prcferrcd embodiments, delivery vehicles 

delivery vehicle of the invention, there is about a 10- to comprLsing Pseudomonas exotoxin are administered in 

100-fold dose reduction. Thus, presuming each delivery 15 doses in which tbe proportion by weight of Pscudomonas 

vehicle includes one molecule of methotrexate to one mole exotoxin is about 0.1 to about 10 fig of the total weight of 

of delivery vehicle, of the total amount of delivery vehicle the administered dose. In some preferred embodiments, 

active agent administered, up to about 0.2 to about 2.0 g of delivery vehicles comprising Pseudomonas exotoxin are 

methotrexate is present and therefore administered. In some administered in doses in which the proportion by weight of 

embodiments, of the total amount or delivery vehicle/active 20 Pseudomonas exotoxin is about 0.3 lo about 2.2 fig of the 

agent administered, up to about 200 mg.to about 2 g of total weight of the administered dose, 

methotrexate is present and therefore administered. To dose delivery vehicles comprising radioisotopes in 

By way of further example, doxorubicin and daunorubicin pharmaceutical compositions useful as imaging agents, it is 

each weigh about 535. Presuming each delivery vehicle presumed that each delivery vehicle is loaded with one 

includes one molecule of doxorubicin or daunorubicin to 25 radioactive active moiety. The amount of radioisotope to be 

one delivery vehicle, a contemplated dose range for delivery administered is dependent upon the radioisotope. Those 

vehicle-doxorubicin vehicle or delivery vehicle- having ordinary skill in the art can readily formulate the 

daunorubicin is between about 40 to about4000 mg. In some amount of delivery vehicle-imaging agent to be adminis- 

embodiments, dosages of about 100 to about 1000 mg of tered based upon the specific activity and energy of a given 

delivery vehicle-doxorubicin or delivery vehicle- 30 radionuclide used as an active moiety. Typically about 0.1 to 

daunorubicin arc administered. In some embodiments, dos- about 100 millicurics per dose of imaging agent, preferably 

ages of about 200 to about 600 mg of delivery vehicle- about 1 to about 10 millicurics, most often about 2 to about 

doxorubicin or delivery vehicle-daunorubicin are 5 millicuries are administered. 

administered. Thus, pharmaceutical compositions contemplated to be 
Toxin-containing loaded delivery vehicles are formulated 35 useful imaging agents comprise delivery vehicles compris- 
for intravenous administration. Using an intravenous ing a radioactive moiety in an amount ranging from about 
approach, up to 6 nanomoles/kg of body weight of toxin 0.1 to about 100 millicuries, in some embodiments prefer- 
alone have been administered as a single dose with marked ably about 1 to about 10 millicuries, in some embodiments 
therapeutic effects in patients with melanoma (Spitler L. E., preferably about 2 to about 5 millicuries, in some embodi- 
etal. (1987) Cancer Res. 47:1717). In some embodiments of 40 ments more preferably about 1 to about 5 millicuries. 
the present invention, then, up to about 11 micrograms of Examples of dosages include: 131 I=between about 0.1 to 
delivery vehicle -toxin/kg of body weight may be admin is- about 100 millicuries per dose, in some embodiments pref- 
tered for therapy. erably about 1 to about 10 millicuries, in some embodiments 
The molecular weight of ricin toxin A chain is 32,000. about 2 to about 5 millicuries, and in some embodiments 
Thus, for example, presuming each delivery vehicle includes 45 about 4 millicuries; lu In=between about 0.1 to about 100 
one molecule of ricin toxin A chain to one delivery vehicle, millicuries per dose, in some embodiments preferably about 
delivery vehicles comprising ricin toxin A chain are admin- 1 to about 10 millicuries, in some embodiments about 1 to 
istered in doses in which the proportion by weight of ricin about 5 millicuries, and in some embodiments about 2 
toxin A chain is about 1 to about 500 //g of thc total weight millicurics, " m Tc=bctwccn about 0.1 to about 100 millicu- 
of thc administered dose. In some preferred embodiments, 50 rics per dose, in some embodiments preferably about 5 to 
delivery vehicles comprising ricin toxin A chain arc admin- about 75 millicurics, in some embodiments about 10 to 
istered in doses in which the proportion by weight of ricin about 50 millicuries, and in some embodiments about 27 
toxin A chain is about 10 to about 100 fig of the total weight millicuries. 

of the administered dose. In some preferred embodiments, Depending upon the specific activity of the radioactive 

delivery vehicles comprising ricin toxin A chain are admin- 55 moiety and the weight of the delivery vehicle, the dosage 

istered in doses in which the proportion by weight of ricin defined by weight varies. For example, in a pharmaceutical 

toxin A chain is about 2 lo about 50 fig of the total weight composition comprising an ,3l I-loaded platelet in which the 

of the administered dose. specific activity of l3, l-loaded platelet is about 2000 

Hie molecular weight of diphtheria toxin A chain is Ci/mmol, administering the dose of about 0.1 to about LOO 

66,600. llius, presuming each delivery vehicle includes one 60 millicuries is the equivalent of 0.1 to about 100 fig l3l l- 

molcculc of diphtheria toxin Achain to one delivery vehicle, loaded platelet, administering the dose of about 1 lo about 10 

delivery vehicles comprising diphtheria toxin A chain arc millicuries is the equivalent of about 1 to about 10 tig of 

administered in doses in which the proportion by weighl of m I-loaded platelet, administering the dose of about 2 to 

diphtheria toxin A chain Is about 1 to about 5(K) fig of the about 5 millicurics is equivalent to giving about 2 lo about 

total weighl of the administered dose. In some preferred 65 5 fig of l31 l-loaded platelet and administering the dose of 

embodiments, delivery vehicles comprising diphtheria toxin about I to about 5 millicurics is equivalent to giving about 

Achain are administered in doses in which the proportion by I to about 5 fig of I3l I-loadcd platelet. 
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In a pharmaceutical composition comprising a loaded 
platelet comprising a single tu ln in which the specific 
activity of m In-loaded platelet is about I Ci/mmol, admin- 
istering the dose of about 0.1 to about 100 millicuries is the 
equivalent of about 0.2 to about 200 mg 111 In-loaded 
platelet, administering the dose of about 1 to about 10 
millicuries is the equivalent of. about 2 to about 20 mg of 
11 'In-loaded platelet, administering the dose of about 2 to 
about 5 millicuries is equivalent to giving about 4 to about 
10 mgof UI In-loaded platelet and administering the dose of 
about 1 to about 5 millicuries is equivalent to giving about 
2 to about 10 mg of in In-loadcd platelet. 

To load delivery vehicles with radioisotopes in pharma- 
ceutical compositions useful as therapeutic agents, it is 
presumed that each delivery vehicle is loaded with one 
radioactive active moiety. The amount of radioisotope to be 
administered is dependent upon the radioisotope. Those 
having ordinary skill in the art can readily formulate the 
amount of delivery vehicle-radio-lherapeutic agent to be 
administered based upon the specific activity and energy of 
a given radionuclide used as an active moiety. For thera- 
peutics that comprise 131 I, between about 10 to about 1000 
nanomoles (nM), preferably about 50 to about 500 nM, more 
preferably about 300 nM of 131 I at the tumor, per gram of 
tumor, is desirable. Thus, if there is about 1 gram of tumor, 
and about 0.1% of the administered dose is delivered to the 
tumor, about 0.5 to about 100 mg of 131 1-de livery vehicle is 
administered. In some embodiments, about 1 to about 50 mg 
of 131 I-delivery vehicle is administered. In some 
embodiments, about 5 to about 10 mg of 131 I-dclivcry 
vehicle is administered. Wcsscls B. W. and R. D. Rogus 
(1984) Med. Phys. 11:638 and Kwok, C. S. ct al. (1985) 
Med. Phys. 12:405, both of which are incorporated herein by 
reference, disclose detailed dose calculations for diagnostic 
and therapeutic vehicles which may be used in the prepa- 
ration of pharmaceutical compositions of the present inven- 
tion which include radioactive delivery vehicles. 
E. Pharmaceutical Compositions 

After a sufficiently purified delivery vehicle comprising 
active agent has been prepared, one will desire to prepare it 
into a pharmaceutical composition that may be administered 
in any suitable manner. Preferred administration techniques 
include parenteral administration, intravenous administra- 
tion and infusion directly into a target tissue, such as a solid 
tumor or other neoplastic tissue. This is done by using for the 
last purification step a medium with a suitable pharmaceu- 
tical composition. 

Suitable pharmaceutical compositions in accordance with 
the invention will generally comprise an amount of the 
desired delivery vehicle-active agent in accordance with the 
dosage information set forth above admixed with an accept- 
able pharmaceutical diluent or excipient, such as a sterile 
aqueous solution, to give an appropriate final concentration 
in accordance, with the dosage information set forth above 
with respect to the active agent. Such formulations will 
typically include buffers such as phosphate buffered saline 
(PBS), or additional additives such as pharmaceutical 
excipients, stabilizing agents such as BSA or USA, or salts 
such as sodium chloride. 

For parenteral administration it is generally desirable to 
further render such compositions pharmaceutical ly accept- 
able by insuring their sterility, non-immunogenicity and 
non-pyrogenicity. Such techniques are generally well known 
in the art as exemplified by Remingtons Pharmaceutical 
Sciences, 1 6th lid. Mack Publishing Company (1980), incor- 
porated herein by reference. It should be appreciated that 
endotoxin contamination should be kept minimally al a safe 
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level, for example, less that 0.5 ng/mg protein. Moreover, for 
human administration, preparations should meet sterility, 
pyrogenicity, general safety and purity standards as required 
by FDA Office of Biological Standards. 

5 F. Therapeutic Methods 

A therapeutic method is contemplated in accordance with 
the present invention. The method pertains to the delivery of 
an active agent to a target tissue in a vertebrate subject; and 
comprises: (a) exposing the target tissue to ionizing radia- 

10 tion; and (b) administering a delivery vehicle to the verte- 
brate subject before; after; during; before and after; before 
and during; during or after; or before, during and after 
exposing the target tissue to the ionizing radiation. Indeed, 
any combination of administering a delivery vehicle to the 

15 vertebrate subject before, during and/or after exposing the 
target tissue to the ionizing radiation is contemplated to fall 
within the scope of the present invention. The delivery 
vehicle comprises the therapeutic agent, and delivers the 
agent to the target tissue. 

20 The target tissue is exposed to ionizing radiation in the 
amounts and ranges discussed herein. A preferred minimal 
dose of ionizing radiation comprises about 400 cGy. A more 
preferred dose comprises about 10 Gy, in that maximal 
platelet aggregation has been observed at this dosage level: 

25 Platelet aggregates are typically first observed in the target 
tissue one hour after irradiation and maximal platelet aggre- 
gation in target tissue is typically observed at about 24 hours 
after irradiation. After about 48 hours after irradiation, 
platelet aggregates begin to diminish. 

30 In a preferred schedule of administration, delivery 
vehicles comprising the active agent arc administered about 
one hour prior to irradiation or about ten minutes after 
irradiation. Applicant has observed that radiation induced 
platelet aggregation increased three-fold over untreated con- 

35 trols when delivery vehicles were administered about ten 
minutes after administration. When delivery vehicles were 
administered prior to irradiation, a ten-fold increase in 
platelet aggregation in tumors as compared, to untreated 
controls was observed. 

40 Optionally, delivery vehicles comprising the active agent 
are administered both about one hour prior to irradiation and 
about ten minutes after irradiation. Of course, dosage levels 
of the active agent are adjusted to reflect two administrations 
of the delivery vehicles comprising the active agent. 

45 In a preferred embodiment of a therapeutic method of the 
present invention, the target tissue comprises a neoplasm. As 
described hereinabove, it is contemplated that any neoplasm 
can be selectively targeted for delivery of a therapeutic agent 
in accordance with the method of the present invention. 

50 Warm-blooded vertebrates comprise particularly contem- 
plated subjects for treatment in accordance with the methods 
of the present invention. Therefore, the invention concerns 
mammals and birds. 

Contemplated is the treatment of mammals such as 

55 humans, as well as those mammals of importance due to 
being endangered (such as Siberian tigers), of economical 
importance (animals raised on farms for consumption by 
humans) and/or social importance (animals kept as pels or in 
zoos) to humans, for instance, carnivores other than humans 

60 (such as cats and dogs), swine (pigs, hogs, and wild boars), 
ruminants (such as cattle, oxen, sheep, giraffes, deer, goats, 
bison, and camels), and horses. Also contemplated is the 
treatment of birds, including the treatment of those kinds of 
birds that are endangered, kept in zoos, as well as fowl, and 

65 more particularly domesticated fowl, i.e., poultry, such as 
turkeys, chickens, ducks, geese, guinea fowl, and the like, as 
they are also of economical importance to humans. I nus, 
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contemplated is the treatment of livestock, including, but nol agents include coagulants and radiolhcrapeulics, as are more 

limited to, domesticated swine (pigs and hogs), ruminants, fully described herein above. 

horses, poultry, and the like. Angiogenesis includes a variety of processes involving 

A suitable therapeutic agent comprises any agent having neovascularization of a tissue including "sprouting", 

a therapeutic effect, including but not limited to 5 vascutogenesis, or vessel enlargement. With the exception of 

chemotherapeutics, toxins, radiothcrapeutics, or radiosensi- traumatic wound healing, corpus luteum formation and 

tizing agents. Particularly contemplated chemotherapeutics, cmbryogenesis, it is believed that the majority of angiogen- 

toxins, radiolherapeutics, or radiosensi tizing agents arc set esis processes are associated with disease processes, 

forth in detail above. Preferably, the therapeutic agent is There arc a variety of diseases in which angiogenesis is 

administered in a pharmaceutical^ acceptable form com- to believed to be important, referred to as angiogenic diseases, 

prising an effective amount of the desired therapeutic agent- including but not limited to, inflammatory disorders such as 

delivery vehicle, as provided in accordance with the dosage immune and non-immune inflammation, chronic articular 

information set forth above. rheumatism and psoriasis, disorders associated with inap- 

When the therapeutic agent is a radiosensitizing agent the propriate or inopportune invasion of vessels such as diabetic 

method further comprises the step of again exposing the 15 retinopathy, neovascular glaucoma, capillary proliferation in 

target tissue to ionizing radiation after delivery of the atherosclerotic plaques and osteoporosis, and cancer asso- 

radiosensi tizing agent- loaded delivery vehicles to the target ciated disorders, such as solid tumors, solid tumor 

tissue. Preferably, the target tissue is exposed to ionizing metastases, angiofibromas, retrolental fibroplasia, 

radiation at a lime poial of about 6 hours after the initial hemangiomas, Karposi's sarcoma and the like cancers 

irradiation of the target tissue. 20 which require neovascularization to support tumor growth. 

By way of further explanation, pharmacokinetic and phar- Thus, methods which inhibit angiogenesis in a diseased 

macodynamic studies were performed by studying the time tissue ameliorates symptoms of the disease and, depending 

course of radiolabeled delivery vehicles in various tissues, upon the disease, can contribute to cure of the disease. In one 

including tumor, liver, spleen and heart. Each region of embodiment, the invention contemplates inhibition of 

interest was studied by measuring counts per pixel in each 25 angiogenesis, per se, in a tissue. The extent of angiogenesis 

of the regions. Using m In as a label, the time point for in a tissue, and therefore the extent of inhibition achieved by 

maximal localization in tumors was about 6 hours after the present methods, can be evaluated by a variety of 

initial tissue irradiation in accordance with the present methods, such as the chick chorioallantoic membrane assay, 

invention. At about 24 hours after initial irradiation, The chick chorioallantoic membrane assay has be described 

increased platelet aggregation in tumors was observed; but, 30 in detail by others, and further has been used to measure both 

a concurrent increase in the platelet aggregation in liver, angiogenesis and neovascularization of tumor tissues. Sec 

spleen and heart was observed. As would be apparent to one Ausprunk ct at, Am. J. PathoL, 79:597-618 (1975); Osson- 

of ordinary skill in the art, the elucidation of these pharma- ski et al, Cancer Res., 40:2300-2309 (1980); and U.S. Pat. 

codynamic parameters facilitates the timing of a second dose No. 5,753,230, the entire contents of each of which herein 

of ionizing radiation to the target tissue, after a radiosensi- 35 incorporated by reference. 

tizing agent has been delivered to the target tissue, so that As described herein, any of a variety of tissues, or organs 

desired therapeutic effects in the target tissue are maximized comprised of organized tissues, can support angiogenesis in 

and undesired negative effects in other tissues are mini- disease conditions including skin, muscle, gut, connective 

mized. tissue, joints^ bones and the like tissue in which blood 

G. Treatment of Angiogenesis 40 vessels can invade upon angiogenic stimuli. 

Angiogenesis, or the growth of new blood vessels, is an Thus, in one related embodiment, a tissue to be treated is 

essential component to the growth of tumors (Folkman, J., an inflamed tissue and the angiogenesis to be inhibited is 

N EnglJ Med 28;333(26), 1757-1763 (1995)). These newly inflamed tissue angiogenesis where there is neovasculariza- 

proliferating blood vessels have distinct expression of cell tion of inflamed tissue. In this case the method contemplates 

adhesion molecules (Wu et al., British Journal of Cancer 68, 45 inhibition of angiogenesis in arthritic tissues, such as in a 

883-9 (1994)). P-selectin is one of many cell adhesion . patient with chronic articular rheumatism, in immune or 

molecules expressed on the endothelium of angiogenic non-immune inflamed tissues, in psoriatic tissue and the 

blood vessels (Brooks, P. C, Cancer Metastasis Rev. like. 

15:187-194 (1996)). In another related embodiment, a tissue to be treated is a 

In view of the relationship between P-sclcctin expression 50 retinal tissue of a patient with diabetic retinopathy, macular 

and platelet aggregation disclosed herein, a therapeutic degeneration or neovascular glaucoma and the angiogenesis 

method pertaining to the inhibition of angiogenesis is con- to be inhibited is retinal tissue angiogenesis where there is 

templated in accordance with the present invention. The neovascularization of retinal tissue. 

present invention thus provides for a method for the inhi- In an additional related embodiment, a tissue to be treated 

bition of angiogenesis in a tissue, and thereby modulating 55 is a tumor tissue of a patient with a solid tumor, a metastases, 

events in the tissue which depend upon angiogenesis. Such a skin cancer, a hemangioma or angiofibroma and the like 

a method particularly involves the exposure of a target tissue cancer, and the angiogenesis to be inhibited is tumor tissue 

undergoing angiogenesis to ionizing radiation in conjunc- angiogenesis where there is neovascularization of a tumor 

tion witli the administration of a delivery vehicle comprising tissue. 

a therapeutic agent, whereby the delivery vehicle is selec- 60 Inhibition of tumor tissue angiogenesis is a particularly 

tively delivered to the blood vessels and angiogenesis in the preferred embodiment because of the important role neovas- 

blood vessels is inhibited. Indeed, angiogenic blood vessels cularization plays in tumor growth. In the absence of 

are contemplated "target tissues", as the term is used herein. neovascularization of tumor tissue, the tumor tissue does not 

Any therapeutic agent as characterized herein and/or that has obtain the required nutrients, slows in growth, ceases addi- 

ah inhibitory effect on angiogenesis is contemplated for use 65 tional growth, regresses and ultimately becomes necrotic 

in the method. Such agents may be referred to as "antian- resulting in killing of the tumor. Stated differently, the 

giogenic agents". Particularly contemplated therapeutic present invention provides for a method of modulating 
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tumor neovascularization by modulating tumor angiogencsis 
according to the present methods. Similarly, the invention 
provides a method of modulating tumor growth by practic- 
ing the angiogenesis-modulating methods. 

Ihe methods arc also particularly effective against the 5 
formation of metastases because (1) their formation requires 
vascularization of a primary tumor so that the metastatic 
cancer cells can exit the primary tumor and (2) their estab- 
lishment in a secondary site requires neovascularization to 
support growth of the metastases. 10 
II. Imaging Techniques 

A diagnostic imaging method is contemplated in accor- 
dance with the present invention. The method pertains to the 
delivery of an imaging agent to a target tissue in a vertebrate 
subject, and comprises: (a) exposing the target tissue to 15 
ionizing radiation; (b) administering a delivery vehicle to the 
vertebrate subject before, after, during, or combinations 
thereof, exposing the target tissue to the ionizing radiation; 
and (c) detecting the imaging agent in the target tissue. The 
delivery vehicle comprises an imaging agent, and aggregates 20 
in the target tissue to thereby deliver the agent to the target 
tissue so that the imaging agent can be detected. 

In a preferred embodiment of a diagnostic imaging 
method of the present invention, the target tissue comprises 
a neoplasm. As described hereinabove, it is contemplated 25 
that any neoplasm can be selectively targeted for delivery of 
an imaging agent in accordance with the method of the 
present invention. 

According to the imaging method of present invention, 
imaging agents arc useful in diagnostic procedures as well as 30 
in procedures used to identify the location of cells of a target 
tissue, such as metastasized neoplastic cells. Imaging can be 
performed by many procedures well-known to those having 
ordinary skill in the art and the appropriate imaging agent 
useful in such procedures and as are described in detail 35 
herein above may be loaded in delivery vehicles as also 
described in detail herein. Imaging can be performed, for 
example, by radioscinligraphy, nuclear magnetic resonance 
imaging (MRI) or computed tomography (CT scan). The 
most commonly employed radionuclide imaging agents 40 
include radioactive iodiae and indium. 

Imaging by CT scan may employ a heavy metal such as 
iron chelates. MRI scanning may employ chelates of gado- 
linium or manganese. Additionally, positron emission 
tomography (PET) may be possible using positron emitters 45 
of oxygen, nitrogen, iron, carbon, or gallium. 

The following Laboratory Examples have been included 
to illustrate preferred modes of the invention. Certain 
aspects of the following Laboratory Examples arc described 
in terms of techniques and procedures found or contcm- 50 
plated by the present inventor to work well in the practice of 
the invention. These Laboratory Examples are exemplified 
through the use of standard laboratory practices of the 
inventor. In light of the present disclosure and the general 
level of skill in the art, those of skill will appreciate that the 55 
following laboratory Examples are intended to be exem- 
plary only and that numerous changes, modifications and 
alterations can be employed without departing from the 
spirit and scope of the invention. 

60 

EXAMPLE 1 

P-se lectin Accumulation in the Lumen of Irradiated 
Blood Vessels 

Ionizing radiation induces the infiammalory response in 65 
part through leukocyte binding to cell adhesion molecules 
that are expressed on the vascular endothelium. I*he effects 
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of x- irradiation on the pattern of immunohlslochemical 
staining of CD62P (P-selectin) was studied. P-se lectin was 
localized within cytoplasmic granules in the untreated vas- 
cular endothelium. P-selectin immunohistochemical stain- 
ing was observed at the luminal surface of vascular endot- 
helium within one hour of irradiation. Increased P-selectin 
staining at the blood tissue interface occurred primarily in 
pulmonary and intestinal blood vessels. 

To determine whether P-selectin localization at the vas- 
cular lumen occurs through exocytosis of endothelial cells 
stores in addition to platelet aggregation, the vascular endot- 
helium from the circulation were removed and endothelial 
cells were irradiated in vitro. The mechanisms by which 
ionizing radiation induced translocation of P-sclcctin were 
studied by using immunofluorescence of human umbilical 
vein endothelial cells (HUVEC) and confocal microscopy. 
Prior to irradiation, P-selectin is localized in cytoplasmic 
reservoirs of HUVEC. Following irradiation of HUVEC, 
P-seleclin was translocated to the cell membrane, where it 
remained tethered. The threshold dose required for translo- 
cation of P-selectin to the cell membrane was 2 Gy. 

To determine whether P-selectin in Weibel-Palade bodies 
requires microtubule^dependent membrane transport, micro- 
tubule depplymerizing agents, colcemid and nocodozol, 
were added. Microtubule-depolymerizing agents prevented 
radiation-induced P-selectin translocation to the cell mem- 
brane. Thus, P-selectin accumulates in irradiated blood 
vessels through both platelet aggregation and microtubule 
dependent exocytosis of storage reservoirs within the vas- 
cular endothelium. 

MATERIALS AND METHODS 

Cell lines. Human umbilical vein endothelial cell 
(HUVEC) cultures were prepared from fresh (<24- hour-old) 
human umbilical veins transported to the laboratory in 
sterile buffer at 4° C. as described by Hallahan. et al., 
Biochemical & Biophysical Research Communications 
217:784-795 (1995) and by Hallahan et al., Cancer 
Research 56:5150-5155 (1996). The vein was cannulated, 
filled with 0.2% collagenase, and incubated at 37° C. for 15 
minutes. Cells were Mushed and complete medium was 
added, followed by centrifugation at 2000 rpm for 5 min. 
The cell pellet was resuspended and maintained in M199 
with 10% fetal calf serum, 10% human serum, and pen/ 
strep/amphotericin B solution (Sigma) on gelatin-coated 
(0.2%) tissue culture dishes at 37° C. in 5% C0 2 . The purity 
of endothelial cell cultures was verified by staining for factor 
VUI. Confluent cells were harvested with 0.1% collagenase 
0.01% EDTA and subcultured at a ratio of 1:3. HUVECs 
were used at third passage; this reduced the number of 
passenger cells and allowed for uniform expression of 
cellular adhesion molecules: Thrombin was purchased from 
Sigma. 

Immunofluorescence microscopy of P-selectin in endot- 
helial cells. Primary-culture vascular endothelial cells were 
grown to 80% conlluenee on glass slides. During inhibition 
experiments, HUVEC were incubated with colcemid (500 
nM) or nocodozol (500 nM) for 20 minutes prior to irradia- 
tion. Cytochalazin-B (1 mM) was added for60 minutes 
before irradiation. Cells were treated with cither thrombin or 
gamma irradiation from a 60 Co source (GAMMACELL™ 
220) as described by Hallahan, D. E. et al, ftUxhemical & 
Biophysical Research Communications 21 7:784-795 ( 1995) 
and by Hallahan, D. E. el al., Cancer Research 
56:5150-5155 (1996). Alter treatment, HUVEC were fixed 
with 4% paraformaldehyde for 10 min at room temperature, 
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washed 3 times wilh antibody buflcr (4 gm bovine scrum tcrslained with hematoxylin, dehydrated through an ascend- 

albumin, 0.1 gm sodium azide, 0.75 gm glycine, and 100 ft\ ing alcohol scries, cleared, and coverslipped. Tissue sections 

PBS) and 2 times in Hanks salt solution. Non-specific were imaged using 40X objective lens, 
binding of antibody was blocked with 50% goat serum for 

30 min at 37° C. in a humid chamber. 5 RESULTS 

Cells were then washed with antibody buflcr and Hanks Localization of P-se lectin to the blood-tissue interface in 

salt solution and incubated with 100 fi\ of 10 jig/mL anti- irradiated blood vessels, 'lb determine whether ionizing 

P-sclectin primary antibody (Pharmingen, catalog #09361 A, radiation altered the immunostaining pattern of P-selectin, 

rabbit anti-human) for 2 to 3 hours at 37° C. in a humid C57BL6 mice were treated with thoracic irradiation (10 Gy). 

chamber. Cells were then washed with antibody buffers and 10 During immunohistochemical analysis of the irradiated 

Hanks solution and incubated with 10/^1 of a 1:300 dilution tissues, it was observed that P-selectin protein in the vas- 

of HTC conjugated goat anti-rabbit IgG (cat. #L42001) for cular endothelium was localized to the tissue-blood interface 

30 min. Cells were washed, coun tcrslained with DAPI, and at one hour after irradiation. Prior to irradiation, P-selectin 

mounted with anti-fade mounting medium. After washings, staining was localized to the endothelial cells, but it was 

cells were visualized with a Zeiss Photomicroscope III 15 redistributed to the tissue-blood interface within 1 hour of 

fluorescence microscope for incident-light excitation. Slides irradiation. Leukocytes localized with redistributed 

were mounted and examined for fluorescence and by phase P-selcctin at the blood- tissue interface in irradiated pulmo- 

microscopy. nary vessels. 

. Using images of cells from a 100X objective using To determine whether P-selectin red istribu lion to the 

confocal microscopy, fluorescence intensity was measured, 20 vascular lumen after irradiation is specific to the lung, tissue 

in pixels, on the cell membrane. Fluorescence intensity was sections from irradiated small intestine and colon were 

measured by NIH Image software as described by Hallahan, studied. The irradiated small intestine showed P-selectin 

D. E. and Virudachalam, S., Proc. Natl. Acad. Sci. USA localized to the blood-tissue interface at one hour after 

94:6432-7 (1997). Ten randomly selected cells were irradiation. Likewise, the vascular endothelium within the 

imaged. Experiments were performed 3 to 4 times. All data 25 irradiated large intestine showed P-selectin localized to the 

were analyzed by use of CHI SQUARE STAOSTICA™ for vascular lumen. 

WINDOWS® software (StatSoft, Inc., Tulsa, Okla.). Jo study the duration of P-sclcctin translocation to the 
Irradiation of mice. C57BL6 Mice (Jackson Laboratories) luminal surface of irradiated blood vessels, later time points 
were irradiated as described by Hallahan, D. E. and ^ were studied. P-selectin localization to the blood-tissue 
Virudachalam, S., Cancer Research 57, 2096-2099 (1997) interface persisted at 6 hours after irradiation. P-selectin is 
and by Hallahan, D. E. and Virudachalara, S., Proc. Natl. also present in the granules of platelets and was therefore 
Acad. Sci. USA 94:6432-7 (1997). Briefly, mice were immo- observed within platelet aggregates that were first observed 
bilized in a lucite tube. Lead was shaped over the abdomen within irradiated blood vessels at 6 hours after irradiation. At 
during thoracic irradiation and over the thorax during 35 24 hours, P-selectin immunohistochemistry revealed stain- 
abdominal irradiation. The chest or abdomen were irradiated ing of platelet aggregates within irradiated blood vessels of 
with 10 Gy at the rate of 2 Gy per minute losing 150 kv the lung. Platelet aggregation was transient, and resolution 
x-rays from a General Electric MAXITRON™ generator. began by 48 hours after irradiation. At 24 hours after 
Ten, 30, 60, or 120 minutes after irradiation, mice were irradiation, leukocytes adhered to P-selectin within platelet 
euthanized by intraperitoneal injection of xylazine and ket- ^ aggregates. 

amine. Tissues were fixed in formalin and embedded in Radial ion -induced P-sclcctin exocytosis in irradiated 
paraffin. Tissue blocks were then sectioned in 5 ^m thick endothelial cells. To determine whether radiation-induced 
sections. P-selectin accumulation in the vascular lumen was specific 
Immunohistochemistry. Tissue sections were baked at 60° for vascular endothelium in vivo, primary-culture HUVEC 
C. for 1 hour, cleared in xylene, and hydrated through a 45 were irradiated. The in vitro endothelial cell model provides 
descending alcohol series to distilled water. For P-selectin a means to study direct effects 'of ionizing radiation on the 
and CD45 immunostaining, the hydrated sections were vascular endothelium by removing platelets, leukocytes and 
incubated with Protease I (Ventana Biotech, Tucson, Ariz.) thrombin. Immunofluorescence microscopy allowed the 
for 8 minutes at 42° C. Por ICAM immunostaining, the visualization of P-selectin in endothelial cells, 
hydrated sections were incubated wilh Protease II (Ventana 50 P-selectin was compartmentalized in Weibel-Palade 
Biotech) for 8 minutes at 42° C. After brief washing in bodies, which underwent membrane transport to the cell 
ddH 2 0, endogenous activity was blocked by treatment of membrane after exposure to ionizing radiation. Prior to 
the sections with 3% hydrogen peroxide in methanol for 20 irradiation, P-sclcctin was localized to storage reservoirs 
min. Two tissue sections from each mouse were then incu- within the cytoplasm of endothelial cells. At 15 minutes after 
bated overnight at 4° C. at a titer of 2.5 //g/mL for anti-P- 55 irradiation (2 Gy), WPB began translocation to the cell 
selectin antibody (Pharmingen, San Diego, Calif.). One slide apical membrane. Translocation of P-selectin to the cell 
from each sample was treated in a similar fashion and membrane was complete at 30 min after irradiation, 
incubated overnight in normal serum immunoglobulin P-selectin remained tethered to the cell membranes at 60 
(Ventana Medical Systems, Tucson, Ariz.). minutes after exposure to 2 Gy and P-selectin immunofluo- 
Irie immunohistochemical staining was performed on a 60 rcsccnce stained in a starry sky pattern. lTic increased 
Ventana GENII™ system (Ventana Medical Systems). The intensity of immunofluorescence after exocytosis may be 
Ventana GENII™ system uses an indirect strepavidin- due to increased accessibility of epitopes once P-selectin is 
biotin system conjugated with horseradish peroxidase for translocated to the cell membrane. P-selectin E LISA analy- 
detectionof the immunocomplex and diaminoben/idine as a sis of medium showed no release of P-seleclin into the 
substrate for localization. The Ventana GENU™ system 65 medium at I, 2, 4, 6 or 24 hours after irradiation, 
uses a cartridge delivered avidin/biotin blocking kit to block To determine whether radiation-induced P-scleclin trans- 
endogenous biotin. .'Hie immunoslained sections were coun- . location is dosc-dcpcndcnt, HUVliC were treated with I, 2 
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and 5 Gy. Con focal microscopy was used to measure immu-. 
iiofluoresccnce on the cell surface, which was quantified by 
Nil 1 Image software. There was minimal WPB exocytosis in 
response to 1 Gy, but it was observed that 2 Gy was 
sufficient to induce P-selcctin translocation to the cell mem- 
brane of endothelial cells. Higher doses induced no more 
rapid or efficient translocation than 2 Gy, indicating that 
there is minimal dose dependence in x-ray-induced 
P-sclectin translocation. 

P-selectin immunofluorescence of endothelial cells 
treated with microtubule de polymerizing agents. Membrane 
transport of storage reservoirs requires motor protein track- 
ing over the cyloskclcton, as described by Eydcn, B. P., 
Journal of Submicroscopic Cytology & Pathology 25: 145-8 
(1993) and by Sinha, S. and Wagner, D. D., European 
Journal of Cell Biology 43:377-83 (1987). To determine 
whether microtubules or actin are required for radiation- 
induced exocytosis of P-selectin, the microtubule depoly- 
merizing agents, colcemid and nocodozol, or the actin 
antagonist cytochalasin-B were utilized. HUVEC were pre- 
Lrealed with these agents for 40 min followed by irradiation. 
Immunofluorescent confocal microscopy showed P-selectin 
translocation to the cell membrane of irradiated HUVEC. At 
60 min following irradiation, HUVEC treated with radiation 
alone showed the starry sky pattern of immunofluorescence 
of P-selectin on the cell membrane. 

The microtubule depot ymerizing agents colcemid and 
nocodozol inhibited x-ray induced translocation of 
P-selectin and showed P-selectin localized to cytoplasmic 
storage reservoirs in a pattern similar to untreated control. 
Conversely, cells prctrcatcd with cytochalasin-B showed no 
inhibition of P-selectin translocation. Localization of 
P-selectin on the cell membrane was quantified by use of 
immunofluorescence confocal microscopy, which was quan- 
tified by NIH Image software. This showed an 8-fold 
increase in P-selectin immunofluorescence on the cell 
surface, which was abrogated by Colcemid and nocodozol, 
but not the actin antagonist cytochalasin-B. 

EXAMPLE 2 

Absence of P-selectin Immunostaining in the 
Vascular Endothelium is Associated with the 
Attenuation of Radiation -induced Platelet 
Aggregation 

P-selectin is an adhesion molecule sequestered in storage 
reservoirs in platelets and vascular endothelium and rapidly 
undergoes exocytosis following x-irradiation. P-selectin 
adheres to sialylated molecules on the surface of leukocytes 
to slow the flow of the cells and begin leukocyte activation. 
To determine whether a P-sclcctin contributes to the radia- 
tion response, the immunohistochemical pattern of staining 
of P-selectin in irradiated tissues was studied. Prior to 
x-irradiation, P-sclectin is present within the vascular endot- 
helium. Within one to two hours, P-selectin stains along the 
blood-tissue interface. At four to six hours after irradiation, 
P-selectin staining filled the vascular lumen in a pattern 
consistent with platelet aggregation. 

To verify that platelet aggregation was present in these 
irradiated blood vessels, tissue sections underwent immu- 
nohistochemical staining with anti-GPIIIa antibodies that 
stained platelets. No P-selectin or GPIIla staining was found 
in the brain or kidney, but both P-sclectin and G PI II a 
staining were present in the irradiated lung, intestine and 
tumor vessels. The P-seleclin knockout mouse was used to 
study platelet aggregation (i.e. GPIIla accumulation) in the 



absence of P-seleclin staining in the vascular endothelium. 
'Hie GPIIla staining was not localized to the lumen of 
irradiated blood vessels in the knockout mouse, but extrava- 
sated into the irradiated lung, and tumors. Knockout of the 
5 P-selcctin gene leads to extravasation of blood components 
to the irradiated tissues. 

MATERIALS AND METHODS 

Irradiation of Mice. P-selectin knockout mice, prepared as 

10 described by Mayadas et al. Cell 74:541-54 (1993), were 
obtained from Jackson Laboratories. Mice were bred in the 
transgenic mouse core laboratory at Vandcrbilt University, 
Nashville, Tenn. Five- to six-week-old mice were irradiated 
as described by Hallahan, D. E. and Virudachalam, S., 

15 Cancer Research 57:2096-2099 (1997) and by Hallahan, D. 
E. and Virudachalam, S., Proc. Natl Acaa\ Sci. USA 
94:6432-7 (1997). Briefly, mice were immobilized in lucite 
cylinders, l^ead shielding was used to eliminate dose to the 
abdomen during thoracic irradiation. Likewise, thoracic 

20 shielding was used during abdominal irradiation. Mice were 
treated with 250 KV x-rays using a General Electric MAX- 
ITRON™ generator at a dose rate of 2 Gy per minute. After 
irradiation, mice were euthanized by intraperitoneal injec- 
tion of xylazine and ketamine. Tissues were excised and 

25 analyzed for platelet aggregation at 6, 24 and 48 hours after 
irradiation. Tissues were fixed in formalin and embedded in 
paraffin. 

Immunohistochemistry of Tissue Sections. Tissue sec- 
tions were baked at 60° C. for 1 hour, cleared in xylene, and 

30 hydrated through a descending alcohol series to distilled 
water. After brief washing in distilled H 2 0, endogenous 
activity was blocked by treatment of the sections with 3% 
hydrogen peroxide in methanol for 20 minutes. Two tissue 
sections from each mouse were then incubated overnight at 

35 4° C. at a titer of 2.5 jHg/mL for a nti- P-selectin antibody 
(Pharmingen, San Diego, Calif.) or platelet antibody anti- 
GP-IIIa (Pharmingen, San Diego, Calif.). Increased GP-IIIa 
staining as compared to untreated controls determined the 
presence of platelet aggregation. One section from each lung 

40 was treated in a similar fashion and incubated overnight in 
normal scrum immunoglobulin (Vcntana Medical Systems, 
Tucson, Ariz.). The immunohistochemical staining was per- 
formed on a Ventana GENII™ system (Ventana Medical 
Systems) which uses an indirect strepavidin-biotin system 

45 conjugated with horseradish peroxidase for detecting the 
immunocomplex and diaminobenzidine as a substrate for 
localization, as well as a cartridge delivered avidin/biotin 
blocking kit to block endogenous biotin. The immun- 
ostained sections were counle retained with eosin and 

50 hematoxylin, dehydrated through an ascending alcohol 
series, cleared, and coverslipped. 

Immunofluorescence Staining of platelet aggregates in 
irradiated blood vessels. Immunofluorescence staining was 
performed as described by Hallahan, D. E. and 

55 Virudachalam, S., Cancer Research 57:2096-2099 (1997) 
and by Hallahan, D. E. and Virudachalam, S., Proc. Natl. 
Acad. Sci. USA 94:6432-7 (1997). Tissue sections (5 /mi) 
were mounted on slides and labeled with anti-GP-HIa anti- 
bodies as described above. After incubation with biotiny- 

60 lated secondary antibody, sections were incubated with 200 
fi\ of Avidin-Cy3 ( 10 Hg/mL) for 30 min in a humid chamber 
at room temperature. Avidin-Cy3 (Amcrsham), 5 //g/mL was 
added to 200 /iL of blocking buffer and filtered through a 
0.2-/tm Millipore filler, before addition of the fluorochrome 

65 to slides. Coverslips were removed, and sections were 
washed with 4X SSC/0.1% solution of a detergent sold 
under the registered trademark TRITON© X by Rohm and 
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Mass Company of Philadelphia, Fa. at room temperature. 
Slides were counterstained in I) API and rinsed with 2X SSC 
for 10 seconds. Coverslips were then placed on slides with 
antifade and blotted. Immunolluorescenl images were visu- 
alized with a Zeiss Photo microscope III fluorescence micro- 5 
scope. 

Platelet aggregation was quantified by measuring fluores- 
cence intensity in blood vessels of tissue stained with 
anti-GPIIIa antibody (Pharmingen, San Diego, Calif.). 
Blood vessels were identified by auto-fluorescence of red 10 
blood cells using green filter. The filter was then changed to 
red wavelengths so that Cy3 stained platelets could be 
quantified. Fluorescence intensity within blood vessels mea- 
sured using 40X objective microscopic images of tissues 
sections. Ten blood vessels in each tissue section were 15 
photographed using CCD camera. Fluorescence . intensity 
was measured by NIH Image software as described by 
Hallahan, D. E. and Virudachalam, S., Cancer Research 
57:2096-2099 (1997) and by Hallahan, D. E. and 
Virudachalam, S., Prvc. Natl. Acad. Sci. USA 94:6432-7 20 
(1997). Platelet aggregates were defined as the presence of 
increased GP-IIIa staining in blood vessels. The percentage 
of blood vessels with GP-IIIa staining was determined in 4 
mice, each treated with x-rays or sham irradiation. A total of 
10 vessels in each of 4 mice (40 vessels) were measured. All 25 
data were analyzed by use of Students Paired T-test. 

Tumor implantation in rodents: GL-261 glioma cells were 
maintained in F-12/DME 50% mixture and 7% fetal calf 
serum, and penicillin and streptomycin. Subconfluent tumor 
cells were trypsinized, washed, and injected subcutancously 30 
into the hindlimb of C57BL6 mice (Jackson Labs). Tumors 
were grown to 400 mm 3 . Tumors were treated with 
x-irradiation using 250 kV x-rays as described by Hallahan, 
D. E. et al., Nature Medicine 1:786-791 (1995). Tumors 
were treated with 10 Gy at a dose rate of 1 Gy per minute. 35 

P-selectin -/- mice were obtained from Jackson labora- 
tories (Bar Harbor, Me.). GL261 cells (10 6 ) were injected 
subcutaneously into the hindlimb of P-selectin -/- mice. 
Tumors were growth to a volume of 400 mm 3 and irradiated 
with 10 Gy. At 6 and 24 hours following irradiation, mice 
were euthanized by intraperitoneal injection of xylazine and 
ketamine. Tumors were fixed in formalin and embedded in 
paraffin. Tumors were sectioned and stained with the anti- 
GPIIIa antibody as described above. 45 

RESULTS 

Histologic Pattern of P-selectin Expression in Irradiated 
Tissues. To determine whether platelet aggregation in irra- 
diated blood vessels was associated with WPB exocytosis, 50 
immunohistochemical analysis of P-selectin, one of the 
WPB components was utilized. C57BL6 mice were treated 
with thoracic irradiation and tissues were fixed at the indi- 
cated times. Prior to irradiation, P-sclcctin was localized to 
the vascular endothelium. Within 60 minutes of irradiation, 55 
P-selectin was localized to the blood-tissue interface. 
P-sclectin staining extended into the vascular lumen. At 4 
hours after irradiation, P-selectin in platelet aggregates was 
stained within these blood vessels. Platelet aggregation 
continued to accumulate in irradiated blood vessels over 24 6a 
hours. 

Association of radiation -induced platelet aggregation 
with P-sclcctin staining. To differentiate between P-selcctin 
in platelets and P-selectin in the endothelium, an anti-GPIIIa 
antibody to platelets was utilized. GPU la staining showed no 65 
platelet aggregation at one hour, indicating that x-ray 
induced intraluminal P-selcctin may be of endothelial origin 
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at this early time point. To quantify platelet aggregation, 
tissue sections from irradiated lungs with anti-GPIIIa anti- 
body were stained. The percentage of irradiated blood 
vessels with platelet aggregates increased over time, hour 
hours after irradiation, 40% of blood vessels showed platelet 
aggregation. The percentage of pulmonary vessels with 
aggregates increased to 75% at 24 hours (p=0.01). 
Thereafter, platelet aggregation decreases. 

Platelet aggregation is attenuated by antibodies to 
P-selectin and is markedly delayed in P-sclectin -/- mice, as 
described by Subramaniam et al., Blood 87:1238-42 (1996) 
and by Boukerche, H., British Journal of Haematology 
92:442-51 (1996). To determine whether P-sclectin staining 
in the vascular endothelium is associated with platelet 
aggregation, the number of platelet aggregates in untreated 
murine blood vessels that stained positively for P-selectin 
were studied, as compared to tissues without P-selectin. 
P-selectin staining was found in large pulmonary blood 
vessels, but not in the pulmonary capillary endothelium. 
P-selectin staining was also observed in the irradiated small 
intestine endothelium. P-selectin staining was not observed 
in the irradiated brain or kidney. 

To determine whether P-selectin staining was associated 
with radiation- induced platelet aggregation, platelets were 
quantified using anti-GPIIIa antibody and immunofluores- 
cence.. The brain, lung, kidney, small intestine and large 
intestine were each irradiated and tissues were excised at 24 
h after irradiation. Platelet aggregation in irradiated blood 
vessels was quantified by GPIIIa immunothoracense. Tis- 
sues with no P-sclcctin staining showed an increase in 
GP-IIIa staining in 8% (brain) and 5% (kidney) as compared 
to tissues with P-selectin staining in the endothelium 75% 
(lung), 85% (small intestine) and 88% (large mtestine)(p= 
0.002). Moreover, the pulmonary microvascular endothe- 
lium did not contain P-selectin and did not show platelet 
aggregation. 

Absence of radiation induced platelet aggregation in 
blood vessels of P-selectin -/- mice. To determine whether 
P-sclcctin is required for radiation-induced platelet 
aggregation, P-sclcctin kuockoul mice were irradiated aud 
stained for platelets utilizing the platelet antibody anti-GP 
Ilia. Marked attenuation of platelet aggregation in intestines 
of irradiated P-selectin knockout mice. Immunohistochemi- 
cal staining for platelet antigens was utilized to measure of 
the difference in platelet aggregation in the P-selectin knock- 
out mouse as compared to the P-selectin +/+ mouse. FACS 
analysis of platelets was performed by use of anti-GPIIIa 
antibody staining of washed blood components and showed 
no difference in GPIIIa platelet staining between wild-type 
and knockout mice. In tissue sections from control mice, 
there was no difference in the fluorescence pattern when 
wild-type mice as compared to the knockout mice. Increased 
platelet aggregation in blood vessels was observed at 6 hours 
following irradiation of wild-type mice. The percentage of 
blood vessels with platelet aggregation was abrogated in the 
P-sclcctin knockout mouse. Radiation-induced platelet 
aggregation was present in 10% of blood vessels as com- 
pared to 85% in wild type mice. 

To determine whether x-ray- induced platelet aggregation 
is also attenuated in angiogenic blood vessels in P-selcctin 
-/- mice, syngeneic tumors were induced in the hind Imibs 
of P-selectin +/+ mice and knockouts. GL261 gliomas were 
induced in P-seleclin -/- and P-se lectin +/+ C57BL6 mice. 
Untreated control tumors showed no difference in baseline 
staining for GPIIIa. Following x-irradiation with 10 Gy, 
tumors were sectioned and stained for GP-IIIa. Irradiated 
tumors in P-seleclin +/+ mice showed platelet aggregation a I 
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6 h. Tumors in P-selectin -/- mice, however, showed no 
increase in GP-IIIa staining in blood vessels at 1, 4, 6 or 24 
hours after irradiation as compared to untreated controls. 

GPIIIa staining showed that platelets cxlravasatcd from 
irradiated blood vessels into irradiated tissues. Red blood 
cells also extra vasatcd into irradiated tissues. Platelets and 
RBC's within the lungs of irradiated P-se lectin -/- mice 
were also studied. P-sc lectin -/- mice treated with 10 Gy 
thoracic irradiation developed tachypnea and respiratory 
distress within seven days. In contrast, P-selectin +/+ mice 
showed no evidence of respiratory distress following 16 Gy 
thoracic irradiation. Histologic sections of lungs from 
P-sclcctin -/- mice at seven days following irradiation show 
hemorrhage into the alveoli. In contrast, P-sclcctin +/+ mice 
show no extravasation of blood components into the irradi- 
ated lung. 

EXAMPLE 3 

X-Ray-loduced P-Selectin Localization to the 
Lumen of Tumor Blood Vessels 

P-selectin is a cell adhesion molecule that is sequestered 
in Weibel-Palade storage reservoirs within the vascular 
endothelium and a granules in platelets. P-selectin is rapidly 
translocated to the vascular lumen after tissue injury to 
initiate the adhesion and activation of platelets and leuko- 
cytes. In this Example, the histologic pattern of P-selectin 
expression in irradiated tumor blood vessels was studied. 
P-selectin was localized within the endothelium of tumor 
vessels prior to irradiation. At one to six hours following 
irradiation, P-selectin was mobilized to the lumen of blood 
vessels. 

To determine whether radiation-induced vascular lumen 
localization of P-selectin was tumor type-specific or species- 
specific, tumors in rats, C3H mice, C57BL6 mice and aude 
mice were studied. P-selectin localization to the vascular 
lumen was present in all tumors and all species studied. 
Irradiated intracranial gliomas showed P-selectin localiza- 
tion to the vascular lumen within one hour, whereas blood 
vessels in normal brain showed no P-selectin staining in the 
endothelium and no localization to the irradiated vascular 
lumen. Radiation- induced P-selectin localization to the vas- 
cular lumen increased in time-dependent manner, until 24 
hours after irradiation. 

P-sclcctin in platelets may account for the time dependent 
increase in staining within the vascular lumen after irradia- 
tion. Immunohistochemistry for platelet antigen GP-IIIa was 
utilized to differentiate between endothelial and platelet 
localization of P-se lectin. It was found that GP-IIIa staining 
was not present at one hour after irradiation, but increased 
at 6 hours and 24 hours. P-selectin localization to the 
vascular lumen at 6 to 24 hours was, in part, associated with 
platelet aggregation. 'Itiesc findings indicate that radiation- 
induced P-selectin staining in the vascular lumen of neo- 
plasms is associated with aggregation of platelets. 
Radiation-induced localization of P-selectin to the vascular 
lumen is specific to the microvasculaturc of malignant 
gliomas and is not present in the blood vessels of the 
irradiated normal brain. 

METHODS 

Maintenance of Tumor Cell Lines Tumors were induced 
by injection of tumor cells either subculancously or stcreo- 
taclically into the rat brain. Rat C6 glioma cells were 
maintained in Ham's F10 medium with 15% horse serum, 
2.5% fetal bovine serum, and 10 mM IIEPES. Murine 
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GL261 glioma cells were maintained in an F-12/DME 50% 
mixture and 7% fetal calf serum, and pen/strep. 1 lie human 
colon carcinoma cell line WIDR was maintained in MEMa, 
1% NEAA and 10% fetal calf serum, and pen/strep. 

5 Tumor induction in rodents Subcon fluent tumor cells 
were trypsinized, washed, and injected subcutaneously into 
the hind limbs of mice. MCA4 tumors were excised, minced, 
and implanted by use of an 18-gauge needle subcutaneously 
into the hind limbs of C3H mice (Jackson I^bs). Ixwis lung 

10 carcinoma cells (10 G ) were injected into the hind limbs of 
C57BL6 mice (Jackson Labs). Rat C6 cells were injected 
into Wistar rats (250-300 g) (Charles River, Wilmington, 
Mass.). Human colon carcinoma WIDR cells (10 6 ) were 
injected into nude mice (Jackson Labs). Tumors were grown 

15 to a volume of about 300 to about 500 mm 3 prior to 
treatment with radiation or cytokines. 

Treatment of tumors with x-irradiation. Tumors were 
treated with 250 kV x-rays as described by Hallahan, D. E. 
et al., Nature Medicine 1 :786 (1995), with 2, 4, or 10 Gy at 

20 a dose rate of 1 Gy per minute. At 1, 6, and 24 hours after 
irradiation, mice were sacrificed by intraperitoneal injection 
of xylazine and ketamine. 

Immunohistochemical staining for expression of cell 
adhesion molecules. Formalin fixed tumors were embedded 

25 in paraffin blocks and sectioned (5 /ran thick). Sections were 
placed unto SUPERFROST PLUS™ glass slides (Fisher 
Scientific). Tissue sections were baked at 60° C. for 1 hour, 
cleared in xylene, and hydrated through a descending alco- 
hol series to distilled water. After brief washing in ddH 2 0, 

30 endogenous activity was blocked by treatment of the sec- 
tions with 3% hydrogen peroxide in methanol for 20 min. 
Two tissue sections from each case were then incubated 
overnight at 4° C. at a concentration of 2.5 ^g^mL for 
a nti- P-se lectin monoclonal (Pharmigen, San Diego, Calif.) 

35 and anti-GP-IIIa (Pharmigen, San Diego, Calif.) monoclonal 
antibodies. One slide from each sample was treated in a 
similar fashion and incubated overnight in normal serum 
immunoglobulin (Ventana Medical Systems, Tucson, Ariz.). 
The immunohistochemical staining was performed on a 

40 Ventana GENU™ system (Ventana Medical Systems). The 
Ventana GENU™ uses an indirect strepavidin-biotin sys- 
tem conjugated with horseradish peroxidase for detecting 
the immunocomplex and diaminobenzidine as a substrate for 
localization. The Ventana GENU™ uses a cartridge deliv- 

45 ered avidin/biotin blocking kit to block endogenous biotin. 
The immunostained sections were counterstained with 
hematoxylin, dehydrated through an ascending alcohol 
series, cleared, and coverslipped. Stained sections were 
imaged under a 40x objective. All blood vessels throughout 

50 the entire section were observed, and 3 to 5 sections were 
analyzed for each tumor. 

Brain tumor model. Intracranial gliomas were induced by 
stereotactic injection of rat C6 glioma cells into rat brains. 
Intracranial gliomas were allowed to grow for 14 days. C6 

55 cells were maintained in Ham's F10 medium with 15% 
horse serum, 2.5% felal bovine serum, and 10 mM HEPES. 
Growing cells were trypsinized and resuspended in PBS at 
10 8 cells/mL. Male Wistar rats (250-300 g) (Charles River, 
Wilmington, Mass.) were anaesthetized with a mixture of 

60 ketamine (90 mg/kg) and xylazine (10 mg/kg) and placed in 
a stereotactic frame (David Kopf Instruments, Tujunga, 
Calif.). The head was shaved and the skin incised, and a hole 
was drilled in the skull with a 1.8 mm trephine (Fine Science 
Tools Inc., Foster City, Calif.). Ten microliters of cell 

65 suspension were injected 4 mm beneath the surface of the 
skull with a 50 f.i\ Hamilton syringe 2 mm from the midline 
and 2 mm anterior to the coronal suture. The skull was 
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scaled with dental cement, the wound was stitched, and the 
animals were kept in separate cages for 2-3 days to prevent 
mutilation, Ifiirlcen days after implantation, the animals 
were irradiated under anesthesia with 6 Gy (head only) in a 
,37 Cs irradiator at 3.95 Gy /min. At L, 6, 24, and 48 hours 
after irradiation, the animals were anesthetized again, and 
the brains were perfused with 10 mM sodium cacodylatc, pH 
7.0, 1.5% formaldehyde, 0.1% glularaldehyde. The brains 
were further fixed in formaline, embedded in paraffin, and 
five micron sections processed as described. 

KliSULTS 

X-ray induced localization of P-se lectin to the lumen of 
tumor vascular endothelium. P-selectin is constitutively 
expressed in the endothelium of pulmonary blood vessels 
(Hallahan, D. E. ct a!., Cancer Research 56: 5150 (1996)) 
and is sequestered in Wcibcl Pa lade bodies and in storage 
reservoirs in the endothelium. To determine whether 
P-se lectin is present in the vascular endothelium of tumors, 
immunohistochemistry for P-se lectin was utilized. Blood 
vessels from mouse breast carcinoma tumors MCA4, mouse 
lung carcinoma (Lewis lung carcinoma), and human colon 
carcinoma xenografts (WIOR) were studied. P-selectin was 
present in the vascular endothelium of each of these tumors, 
'fh is finding was independent of the implantation site (brain, 
flank, or hind limb), strain of mouse (C3H, C57BL6, or 
nude), and species (mouse versus rat). 

To determine whether radiation induces P-selectin local- 
ization to the endothelium and/or the vascular lumen of 
tumor blood vessels, tumors were treated with x-rays and 
immunohistochemical analysis was performed using anti-P- 
selectin antibody. Radiation-induced P-selectin mobilization 
to the vascular lumen was observed in all tumors including 
MCA4 in C3II mice, Lewis lung carcinoma in C57BL6 
mice, and WIDR tumor xenografts in nude mice. P-sctcctin 
localization to the vascular lumen occurred in all tumor 
types, independent of the location of the tumor, strain of 
mouse, and species of rodent models. 

Radiation -induced P-selectin localization to the vascular 
lumen in C6 brain tumors. The vascular endothelium in the 
brain is distinct from the endothelium in peripheral tissues 
(Barkalow, P. J. et al., Blood 88:4585 (1996)). Moreover, 
Weibel-Palade bodies have been identified in blood vessels 
within gliomas (Miyagami, M. and Nakamura, S., Noshuyo 
Byori 13:107 (1996)). To determine whether malignant 
gliomas induced in the brain have a distinct P-selectin 
expression as compared to that in peripheral tumors, C6 
gliomas were induced in the brains of Wistar rats. The entire 
brain was irradiated with 6 Gy and sectioned at 1 and 6 hours 
after treatment. The normal brain blood vessels showed no 
P-selectin in untreated controls or following irradiation. On 
the other hand, gliomas showed P-sc lectin staining in the 
endothelium of untreated tumors. At 1 hour after irradiation, 
P-sclcctin staining at the blood-tissue interface increased. At 
6 hours after irradiation, P-sclectin staining in the lumen of 
blood vessels increased intensely. 

X-ray induced P-selectin localization to the vascular 
lumen is dose-dependent. The vascular response to ionizing 
radiation is both dose- and time-dependent (Hallahan, I), E. 
ct a I., Biochemical & Biophysical Research Communica- 
tions 217:784 (1995); Hallahan, D. E. et al., Cancer 
Research 56:5150(1996); Hallahan, I), E. & Virudachalam, 
S., rroc. Natl. Acad. Sci. USA 94:6432 (1997)). To deter- 
mine the threshold and plateau doses for induction of 65 
P-sc lectin localization to the vascular lumen, 1, 2, 4, 10 and 
20 Gy doses were utilized. No localization of P-se lectin to 
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Ihe vascular lumen in tumors treated with I Gy was 
observed, Efficient localization of P-se lectin to the vascular 
lumen occurred following irradiation with 2 Gy. 'Hie re was 
no increase in P-se lectin localization to the vascular lumen 
5 or degree of staining at 1 hour, when higher doses of x-rays 
were used. 'Hi is finding suggested that P-sclectin localiza- 
tion to the vascular lumen occurs at least about al 1 hour with 
a threshold dose of about 2 Gy. 

P-se lectin staining increases in a time-dependent manner. 
10 rime-dependent P-selectin staining in irradiated tumor 
blood vessels was studied to determine whether P-sclectin 
expression increased over 24 hours. Tumors treated with 2 
and 10 Gy were compared. It was found that there was no 
increase in expression over 24 hours in tumors treated with 
15 2 Gy. On the other hand, 10 Gy did produce an increase in 
P-selectin staining that accumulated over 24 hours. 
P-sclcctin staining was present at a low baseline level at 1 
hour, and increased at 6 and 24 hours. 

Platelet staining with anti-GP-IIIa. As noted above, 
20 GP-llIa is a platelet antigen that is not found in the vascular 
endothelium. Anti-GP-IIIa antibodies were utilized to deter- 
mine whether the time-dependent increase in P-selectin 
staining is due to platelet aggregation. Lewis lung carcinortia 
tumors in C57BL6 mice were irradiated and stained with 
25 anti-GP-IIIa antibody. Little GP-IIIa staining was found in 
blood vessels at 1 hour following irradiation. However, 
GP-IIIa staining increased at 6 and 24 hour following 
irradiation. These findings indicate that the increased 
P-selectin staining within the vascular lumen of irradiated 
30 tumors was due to platelet aggregation. 

EXAMPLE 4 

Delivery of Platelet Vehicles to Irradiated Tissue in 
35 an Animal Subject 

In accordance with the present invention, a non-invasive 
method of imaging platelet aggregation using indium- 111 
( J1J In)-labeled platelet scan was performed in an animal 
^ model (mice) and was successful. Mice were exposed to 
lethal doses of 10.5 Gy whole body radiation. Renal uptake 
was shown within 2 hours of irradiation. For 4 subsequent 
days, the uptake of 111 In platelets was significantly greater 
than in non-irradiated controls. This difference was ampli- 
45 fied if the platelets were injected 3 days after irradiation and 
remained constant for the following 4 days. 

EXAMPLE 5 

Delivery of Platelet Vehicles to Irradiated Tissue in 
50 a Human Subject 

Indium-lit ( m In)-labeled platelet scintigraphy has been 
extensively used in the study of thrombosis and platelet 
kinetics in human subjects. There arc two ligands that arc 
55 widely used and these arc oxinc and tropolonc. Both tech- 
niques preserve platelet function. In normal subjects, almost 
all of the radioisotope is bound to platelets. There is a 
significant reduction in radiolabeling efficiency and 
decreased percentage of 11 'in bound to platelets in vivo for 
60 patients with platelet counts<150,000/mL (Gianncssi, I). et 
al., Nuci Med. Biol. 22(3):399-403 (1996)). 

As the two methods of labeling arc quite comparable and 
oxine is commercially available and FDA approved for the 
study of platelets, m In-oxinc labeled platelets are utilized in 
this Example. The distribution of 1 "in-labeled platelets has 
been studied in normal volunteers, and 111 In platelet imag- 
ing is a diagnostic protocol already in place at many medical 
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facilities, including, for example, Vandcrbill Medical 
Center, Nashville, Tcnn. Radioactivity in the lungs, heart, 
spleen, kidneys and testes have been determined for up to 75 
hours after injection. After the first four hours, the activity in 
each of these organs, except liver and kidney, decreases at 5 
roughly the physical decay rate. ITic curves for the liver and 
kidney are flat and indicate continued accumulation of the 
radiotracer. The calculated mean radiation dose per unit 
administered activity is 0.6±0.7 rad/mCt for the total body 
and 34±6 rad/m Ci for the spleen (Robertson, J. S. et al., 
Radiology 140(1): 169-176 (1981)). The safety of 111 Id 10 
platelet scans in patients, including those with malignancies, 
has been well established (Oriuchi, N. ct al., European 
Journal of Nuclear Medicine 25(3):247-252 (1998)). 

Although planar images can give excellent information 
about the uptake especially in lesions of the extremities, or 15 
head and neck region, the presence of background uptake in 
overlying and underlying normal tissues such as the liver, 
spleen, and heart make the interpretation of intrathoracic and 
intraabdominal lesions more difficult. To get a better defi- 
nition (i.e. improved contrast ratio) of three-dimensional 20 
(3D) uptake, SPECT functional imaging, in conjunction 
with CT or MRI images, is utilized. SPECT imaging with 
1JJ In labeled autologous platelets has been shown to provide 
increased image contrast and improved quantification over 
planar images (Suga, K. et al., Clin Nucl Med 8:595-601 25 
(1996); Bacq, Z. M. et al., Journal of 
/%vwfo£y273:42P-^3P (1 977)). 

Patients are stratified between intracranial and peripheral 
tumors at the time of registration. In patients, 42 mL of 
whole blood is collected, and platelets arc separated and 30 
labeled with 111 In oxinc (Thakur ML 981) as described 
below. Patients are injected with 11 'In oxine platelets pref- 
erably as soon as possible. (Anticipate approximately two 
hours following obtaining blood sample) 

Patients are imaged 2—4 hours following injection of 35 
labeled platelets. Static images are obtained using a gamma 
camera fitted with a medium energy collimator peaked for 
173-247 keV and 20% energy window. This is the Pre-RT 
scan to determine the baseline uptake in untreated tumors. 
Patients then begin radiation therapy. The dose per fraction, 
as well as the total dose, arc determined by the treating 
radiation oncologist. 24-72 hours after injection of J11 In 
oxine platelet, the patient is re-imaged. This is the Post-RT 
scan" 

Radiation Therapy 45 

Modality: External beam photon irradiation 

Energy: 4-18 MV photon beams. Appropriate blocks, 
wedges, and bolus to deliver adequate dose to the planned 
target volume. Minimum source-axis distance of 80 cm. 

Treatment Volume: All patients will receive local-regional 
irradiation. Fields are designed to encompass sites of disease 
requiring palliation or primary treatment. All fields must be 
treated each day. 

Study, site, treatment intent and normal tissue consider- 
ations determine dose. Patients arc stratified to cither intrac- 55 
ranial or peripheral tumors and Inverse dose escalation is 
conducted in these two groups independently. When stereo- 
tactic radiotherapy is used, the dose is prescribed to the 
tumor periphery. 

Inverse ionizing radiation dose escalation of cohorts of 60 
3*: 

800-1200 cGy/l fraction 
2000 cGy/5 fractions 

3000cGy/10 fractions 65 
3500cGy/I5 fractions 
6000 cGy/30 fractions 
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*Nolc: A failure to detect 1 u In is detected in tumors of three 
patients treated with 1000 cGy indicates that the alternative 
schema set forth herein below arc to be followed. Ine 
observation of U1 ln uptake in tumors in 2 of 3 patients 
provides for the expansion of the cohort to a total of 6 
patients. The observation of 111 In uptake in tumors in 3 of 6 
or 1 of 3 patients indicates that the dose is below threshold 
and the alternative schema set forth herein below are to be 
followed. 

Dose Modifications And Management of Toxicity Dose 
modifications and management of toxicity secondary to 
radiation are left to the judgment of the treating radiation 
oncologist. No side effects are expected from the 11 'In oxine 
platelet scan. 

Evaluation. Scans are evaluated degree of uptake on 
post-RT scans is compared to pre-RT scans on the same 
patient. The pharmacokinetics and pharmacodynamics of 
11 Mn uptake in tumors are determined by comparing scans 
obtained pre-RT to that obtained post-RT. If lu In is not 
visualized at a particular dose level, SPECT scanning is 
performed. 

Alternative Schema. Visualization of m In in fewer than 
2 of 3 or 4 of 6 patients suggests that platelets might have 
been inactivated by in In labeling. An alternative embodi- 
ment considers " m Tc labeling and pretreatment of platelets 
with DDAVP (depoprovcra). A greater number of fractions 
may be required to achieve platelet aggregation. Platelets 
may be given after the second and third fraction of irradia- 
tion. The pharmacokinetics may be too brief for gamma 
camera detection, and thus, scans should be performed at 1 
to 6 hours after irradiation. 

Platelets might be sequestered in spleen, etc. If so, the 
schedule of administration is changed to radiation followed 
immediately by radiolabeled-platelet administration. 

Statistical Considerations. The observation of 1J1 In 
uptake in tumors in 2 of 3 patients provides for the expan- 
sion of the cohort to a total of 6 patients. The observation of 
11 'In uptake in tumors in 3 of 6 or 1 of 3 patients indicates 
that the dose is below threshold and the alternative schema 
described above are followed. In either case, quantification 
of gamma-ray detection is measured. Pharmacokinetics of 
11 Mn uptake is determined by comparing scans from day 1 
to scans from day 2 at each dose level. 

Drug Formulation, Availability, And Preparation. As 
would be appreciated by one of ordinary skill in the art, 
preparation, handling, and safe disposal of radioactive 
agents are performed in a self-contained, protective envi- 
ronment. Unused portions of radiolabeled platelets are dis- 
carded in appropriate labeled containers. 
Drug Information. 

Drug name: Indium-Ill ( lJi In) 

Availability: Amersham 

Storage and Stability: Platelets are preferably adminis- 
tered immediately after labeling with lll In 

Toxicity: No anticipated toxicities. 
Platelet Labeling. 

Preparation. 42 mL of whole blood collected in 8 mL of 
modified squibb ACD solution. Transfer to two 50 mL sterile 
propylpropylenc tubes without the plunger or needle and 
very gently resuspend the blood with a pipette. Centrifuge 
200 g maximum (900 RPM RC-3B) for 10 minutes. Separate 
platelet rich plasma (PRP), leaving 0.5-0.6 cm on the RBC 
layer and transfer to 12 mL sterile sarstedt conical tube. 
Centrifuge 1650 g maxim (2600 RPM) for 10 minutes. 
Transfer the platelet poor plasma (PPP) by pouring into 
sterile 12 ml. tube. Suspend the platelet pellet in 4-5 ml. of 
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AGO saline and centrifuge for 5 minules at 2600 RPM. 
Remove the supernatant and add 550-600 /iCi 1,1 In oxine 
with a sterile pipette to the platelet pelict. Mix with sterile 
pipette (5 gentle suctions up and down, do not introduce air 
bubbles. Incubate at room temperature for 20 minutes. 5 

Centrifuge the 11 'In platelet tube at 1650 g maximum 
(2600 RPM) for 10 minutes. Save the supernatant. Deter- 
mine supernatant activity using a dose calibrator. Re suspend 
In-platclets in 5 raL ACD/saline solution. Centrifuge 1650 g 
maximum (2600 RPM) for 8 minutes. Remove the super- 10 
natant and determine radioactivity of supernatant. Resus- 
pend in 5 mL of ACD/saline. Centrifuge at 100 g maximum 
(500 RPM) for 5 minutes. Remove the supernatant and 
resuspend the Iil In-platelets in 5 mLof PPP. Withdraw 5 mL 
of 111 In platelets in a sterile syringe using a 19 gauge needle. 15 
Place an aliquot in a tube to send for CRC. Measure and 
document radioactivity- 
Administration. The patient Ls injected with a 19 gauge 
needle and residual activity is measured. Labeling efficiency 
is determined and number of platelets used for labeling is 20 
calculated from CBC. 

EXAMPLE 6 

X-Ray-Guided Drug Delivery by Radiation-Induced 2 5 
Aggregation of Electroporated Platelets 

This Example discloses the use of electroporation to 
prepare loaded platelets and contemplates reduced binding 
within the reticular endothelial system (RES) by platelets so 
prepared. In this Example, fluorochromcs (Cy3, FITC) and 30 
gamma emitting radionuclides arc loaded into platelets by 
use of electroporation. Additionally, small molecular weight 
compounds, which are inert in untreated tissues but dem- 
onstrate cytotoxicity in cells treated with ionizing radiation 
as disclosed herein, are also electroporated into platelets. 35 
Fluorescent markers (Cy3, FITC) are electroporated into 
platelets so that they can be identified by fluorescent micros- 
copy. 

Platelets are also loaded using the open channel system ^ 
(OCS), receptor-mediated endocytosis using retention of 
liposomes, or reconstituted Sendai virus envelopes (RSVE). 
These techniques have been used to load chemo therapeutic 
agents such as adrimycin, cis- platinum and radioisotopes. 
Platelets are loaded by liposomes comprising chole steryl 45 
hexa decyesyl ether or chole steryl oleate. The liposome 
mediated platelet encapsulation is compared to electropora- 
tion using techniques described by Crawford, N., Semin. 
Intervent. Cardiol. 1:91-102 (1996). Platelets are also 
loaded with radiation sensitizing drugs in a similar manner 5Q 
for similar comparison. The loaded platelet delivery vehicles 
are then administered to a vertebrate subject and the target 
tissue is exposed to ionizing radiation via intersecting planes 
of irradiation in accordance with the methods of the present 
invention, including those set forth the foregoing Examples. 55 

In separate experiments, platelets are loaded with lu In for 
studies of biodistribution and pharmacokinetics using 
gamma camera imaging and phospho imager plates to 
determine whole body biodistribution. Validation of Image 
Processing is performed by use of autoradiography and 60 
immunofluorescence of platelet antigen GP I I/I I la as 
described by Hallahan et aL, Cancer Research, 
58:5126-5220(1998). 

Improved biodistribution and pharmacokinetics are con- 
templated by optimizing the time interval, schedule and 65 
route of administration. Radiation sensitizing compounds 
such as the DNAPK inhibitor, R106 (ICOS, Inc., Borthwall, 
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Wash.), or tyrosine kinase inhibitor, Su5416 (Sugen, Inc., 
and Fong et al., Cancer Research 59:99-106 (1999) and 
SU6668 (Sugen Inc., Redwood City, Calif.) are delivered, 
resulting in enhancement of subsequently delivered, inter- 
secting planes of radiotherapy. 

EXAMPLE 7 

X-Ray-Guided Drug Delivery Using GP-IIb/IIIa 
Binding Delivery Vehicles 

This Example discloses the delivery of specific activity of 
therapeutic radionuclides to tumors by x-ray-guided deliv- 
ery of microspheres and biapcitidc. The objective of this 
Example is to improve the specificity of drug delivery to 
irradiated tissues by reducing nonspecific binding within the 
RES. 

Fibrinogen is covalently bound to the surface of cross- 
linked human albumin in accordance with techniques dis- 
closed in U.S. Pat. Nos. 5,069,936; 5,308,620; 5,725,804; 
5,716,643; and 5,616311, herein incorporated by reference. 
Briefly, fibrinogen-coated microspheres (available form 
Hemosphere, Inc., Irvine, Calif, as thrombspheres) ranging 
from 100 nm to 1 fim were produced from albumin micro- 
aggregates. The microspheres were re-suspended using 10 
mL of sterile normal saline (0.9% NaCl) and 0.5 mL of the 
reconstituted microspheres was added to a 1.5 mL conical 
polypropylene tube previously coated with IODOGEN™ 
(Pierce Chemical Company). 11.3 mCi (0.42 GBq) of 1-131 
in approximately 11 /^L was added to the microspheres and 
allowed to incubate at room temperature for 30 minutes. 

Following incubation, the microspheres were transferred 
to a 15 mL sterile centrifuge tube, diluted to 10 mL with 
normal saline and centrifuged at l^OOxg for 7 minutes. The 
supernatant was removed and discarded. The microspheres 
were washed one additional time with 10 mL of normal 
saline. Following the final wash, the microspheres were 
suspended in 2 mL of normal saline for injection. Final yield 
was 4.8 mCi (0.18 GBq) of radio tod ina ted microspheres in 
2 mL saline. Radiochemical yield was 42.4%. 

C57BL6 mice bearing Lewis Lung Carcinoma hind limb 
tumors were treated in three manners: 1) control mice 
received 133 I-microspheres, but no irradiation, 2) 10 Gy 
prior to 131 I-microspheres, 3) 10 Gy immediately after 
131 1- microsphere injection. Whole body gamma camera 
images were obtained by pinhole planer imaging. Untreated 
tumors showed no binding of microspheres within tumors, 
but there was uptake in liver and spleen. Tumors treated with 
10 Gy prior to microsphere administration showed 131 1 
uptake in tumors within 1 hour and persistent uptake in 
tumors beyond 24 hours. Gamma detection was also 
observed in the liver and spleen. Tumors treated with 10 Gy 
immediately after radiolabeled microsphere injection 
showed 10-fold greater uptake in tumors as compared to 
tumors treated with 10 Gy before injection. There was 
minimal uptake in the liver and spleen in these animals. 

In separate experiments, apcitidc is labeled with "Tc in 
accordance with a protocol provided by Diatide Inc, a 
commercial source. Apcitidc is a fibrinogen analogue pep- 
tide that binds to GPIIb/IIIa on activated platelets, as 
described by Taillcfcr, J., Nucl Med. 38:5 (1997) and by 
VandcSrcek, P., Eur J. Nucl. Med. 25:8 (1998). Radiola- 
beled apcitidc is then injected by tail vein into mice bearing 
hind limb tumors. Mouse tumors arc treated with radiation 
as described herein above. An optimal schedule of admin- 
istration is determined. 

The platelet priming agent, DDAVP (depo-provcra), is 
contemplated to improve radiation induced platelet aggrc- 
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galion within tumors and thereby lower the radiation thresh- 
old dose for GP-Ilb/lIla binding. The enhancement of plate- 
let aggregation with DDAVP is also contemplated to 
enhance binding of radiolabeled peptides and microspheres. 
Thus, in additional experiments, DDAVP is administered in 
conjunction with the radiolabeled peptides and microspheres 
and with the exposure of the target tissue to radiation. 
Validation of Image Processing is performed by use of 
autoradiography and immunofluorescence of platelets GP 
[Ib/IIIa. 

X-ray-guided drug delivery can thus be achieved by use 
of fibrinogen -coated microspheres and by peptides which 
preferentially bind activated platelets. Improved biodistri- 
bution and pharmacokinetics arc observed with micro- 



delivery vehicles adhere to antigens released into the lumen 
and are thus obstructed from circulating beyond the confines 
of the tumor. In view of the targeting of vascular 
endothelium, this Example is contemplated to be illustrative 

5 of the methods of treating angiogenesis in accordance with 
the present invention disclosed herein above. 

Hind limb tumors arc implanted into mice and treated 
with radiation as described by Hallahan, D. E. ct aL, Cancer 
Research, 58:5126-5220 (1998). Radio immunoconjugatc 

io delivery vehicles are prepared using anti-E-selectin and 
anti-P-selectin antibodies (R&D Systems), IODOGEN™ 
(Pierce Chemical Company) and 131 1. Radiolabeled antibod- 
ies are separated from free 131 1 by use of column chroma- 
tography. The delivery vehicles arc injected via tail vein into 



spheres in that the microspheres bind more preferentially to 15 mice with hind limb tumors following treatment with irra- 



activated platelets as compared to RES, and all activated 
platelets represent targets for drug delivery. 

EXAMPLE 8 

X-Ray-Guidcd Drug Delivery by Use of Anti- 
Platelet Antibody Delivery Vehicles 

Following platelet activation, several antigens are 
expressed on the surface of platelets. Indeed, it has been 
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diation. Mice are imaged with gamma camera imaging as 
described herein above. Image processing is validated by 
use of phospho imager plates, immunofluorescence and 
immuno-histochemistry as described herein above. 

One potential limitation of this embodiment of the present 
invention is that anti-E-sclcctin antibody binding occurs in 
untreated normal tissues such as trie lung. The importance of 
validation of the tumor specificity for radio immunoconju- 
gate delivery vehicles is that the ideal radiation-induced 
observed that irradiation of animal tumors increases the 25 antigens have substantially no constitutive expression in any 



tissue, but prolonged expression in tumor blood vessels. 
Thus, pharmacokinetics and biodistribution of the anti-E- 
selectin and anti-P-selectin antibody delivery vehicles are 
also determined. 

30 
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What is claimed is: 

1. A method of targeting a tissue in a vertebrate subject for 
delivery of an active agent, the method comprising: 

exposing the tissue to ionizing radiation before, after, 
during, or combinations thereof, administration of a 
platelet comprising the active agent to the vertebrate 
subject, and 

wherein the tissue is targeted for the delivery of Ihe 
platelet by the exposing of the tissue to ionizing radia- 
tion. 

2. The method of claim 1, further comprising administer- 
ing the platelet comprising the active agent about one hour 
prior to exposing the tissue lo ionizing radiation. 



6,159,443 

43 44 

3. Hie method of claim 1, further comprising administer- 23. The method of claim 21, wherein the radioactive 
ing the platelet comprising the active agent about ten min- imaging agent is selected from the group consisting of 43 K, 
utcs after exposing the tissue to ionizing radiation. 52 l'c, "Co, 67 Cu, 67 Ga, eH Ga, 77 Br, 81 Rb, KlAf Kr, 87Af Sr, 

4. 'ITie method of claim I, further comprising administer- * w Tc, U1 ln, 1 ,3 1n, 123 l, l25 l, 127 Cs, 129 Cs, I31 I, ,32 l, l97 Hg, 
ing the platelet comprising the active agent both at about one 5 203 Pb and 206 Hi. 

hour prior to and at about ten minutes after exposing the 24. 'ITie method of claim 21, wherein the radioactive 

tissue to ionizing radiation. imaging agent Ls present in the platelet in an amount ranging 

5. 'ITie method of claim 1, wherein the platelet comprising from about 0. 1 to about 100 millicuries. 

the active agent is administered after exposing the tissue to 25. The method of claim 24, wherein the radioactive 

ionizing radiation. ^ imaging agent is present in the platelet in an amount ranging 

6. The method of claim 1, wherein the tissue is exposed from about 1 to about 10 millicuries. 

to an ionizing radiation dose ranging from about 0.1 to about 26. The method of claim 25, wherein the radioactive 

150 Gy. imaging agent is present in the platelet in an amount ranging 

7. ITie method of claim 6, wherein the tissue is exposed from about 2 to about 5 millicuries. 

to an ionizing radiation dose ranging from about 2 to about 27. The method of claim 26, wherein the radioactive 

100 Gy. 15 imaging agent is present in the platelet in an amount ranging 

8. The method of claim 7, wherein the tissue is exposed from about 1 to about 5 millicuries. 

to an ionizing radiation dose ranging from about 4 to about 28. The method of claim 9, wherein the active agent 

50 Gy. comprises a therapeutic agent. 

9. The method of claim 8, wherein the target tissue is 29. The method of claim 28, wherein the therapeutic agent 
exposed to an ionizing radiation dose ranging from about 10 20 is selected from the group consisting of a chemotherapeulic 
to about 20 Gy. agent, a toxin, a radiotherapeutic agent, a radiosensitizing 

10. A method of delivering an active agent to a target agent and combinations thereof. 

tissue in a vertebrate subject, the method comprising the 30. The method of claim 29, wherein the chemotherapeu- 

steps of: tic agent is selected from the group consisting of an anti- 

(a) exposing the target tissue to ionizing radiation to target 25 tumor drug, a cytokine, an a nti- metabolite, an alkylating 
the tissue for a platelet; and agent, a hormone, methotrexate, doxorubicin, daunorubicin, 

(b) administering a platelet to the vertebrate subject cytosine arabinoside, etoposide, 5-4 Quorouracil, 
before, after, during, or combinations thereof, exposing mclphalan, chlorambucil, a nitrogen mustard, 
the target tissue to the ionizing radiation, the platelet cyclophosphamide, cLs-pIatinum, vindesine, vinca alkaloids, 
comprising the active agent, whereby the platelet local- 30 mitomycin, bleomycin, purothionin, macromomycin, 1,4- 
izes in the target tissue to thereby deliver the agent to " benzoquinone derivatives, trenimon, steroids, aminopterin, 
the target tissue. anthracyclincs, dcmccolcinc, etoposide, mithramycin, 

11. The method of claim 10, wherein the platelet com- doxorubicin, daunomycin, vinblastine, neocarzinostatin, 
prising the active agent is administered about one hour prior macromycin, a-amanitin, and combinations thereof. 

to exposing the target tissue to ionizing radiation. 31- The method of claim 29, wherein the toxin is selected 

12. The method of claim 10, wherein the platelet com- 35 frora the group consisting of Russell's Viper Venom, ap- 
prising the active agent is administered about ten minutes vatcd Factor IX, activated Factor X, thrombin, phospholi- 
after exposing the target tissue to ionizing radiation. pase C, cobra venom factor, ricin, ricin A chain, Pseudomo- 

13. The method of claim 10, wherein the platelet com- na s exotoxin, diphtheria toxin, bovine pancreatic 
prising the active agent is administered both at about one ribonuclease, pokeweed antiviral protein, abrin, abrin A 
hour prior to and at about ten minutes after exposing the 40 chain, gelonin, saporin, modeccin, viscumin, volkensin and 
target tissue to ionizing radiation. combinations thereof. 

14. The method of claim 10, wherein the method further 32. The method of claim 29, wherein the radiotherapeutic 
comprises the initial step of loading the platelet with an agent is selected from the 47 Sc, 67 Cu, 90 Y, 109 Pd, 123 1, 125 I, 
active agent via electroporation. l31 I, 186 Re, J88 Re, 199 Au, 213 At, 212 Pb, 212 Bi, 32 P, 33 P, 7 Ge, 

15. The method of claim 10, wherein the platelet com- 45 77 As, 103 Pb, l05 Rh, 211 Ag, U9 Sb, 121 Sn, 131 Cs, M3 Pr, 161 Tb, 
prising the active agent is administered after exposing the 177 Lu, iyi Os, iW3M Pt, an d 197 Hg. 

tissue to ionizing radiation. 33. The method of claim 29, wherein the radiosensitizing 

16. The method of claim 10, wherein the target tissue is agent is selected from the group consisting of an anti- 
cxposcd to an ionizing radiation dose ranging from about 0. 1 angiogenic agent; a DNA protein kinase inhibitor; a tyrosine 
to about 150 Gy. 50 kinase inhibitor; a DNA repair enzyme inhibitor; nitroimi- 

17. The method of claim 16, wherein the target tissue is dazolc; metronidazole; misonidazolc; a genetic construct 
exposed to an ionizing radiation dose ranging from about 2 comprising an enhancer-promoter region which is respon- 
to about 100 Gy. sive to radiation, and at least one structural gene whose 

18. 'ITie method of claim 17, wherein the target tissue is expression Ls controlled by the enhancer-promoter; boron- 
exposed to an ionizing radiation dose ranging from about 4 55 neutron capture reagents; and combinations thereof. 

to about 50 Gy. 34. -I Tie method of claim 33, wherein the genetic construct 

19. I*he method of claim 18, wherein the target tissue is further comprises a viral vector. 

exposed to an ionizing radiation dose ranging from about 10 35/1 lie method of claim 29, wherein the therapeutic agent 

to about 20 Gy. is a chcmotherapcutic agent, and the chcmotherapcutic agent 

20. Hie method of claim 10, wherein the active agent 60 is administered in an amount ranging from about 10 to about 
comprises an imaging agent. 1000 mg. 

21. The method of claim 20, wherein the imaging agent is 36. The method of claim 35, wherein the chemotherapeu- 
selected from the group consisting of paramagnetic, radio- tic agent is administered in an amount ranging from about 50 
active and lluorogenic ions. to about 500 mg. 

22. 'I'hc method of claim 21, wherein the radioactive 65 37. I'hc method of claim 36, wherein the chcmolherapeu- 
imaging agent is selected from the group consisting of tic agent is administered in an amount ranging from about 
gamma-cmiltcrs, positron-emitters and x-ray-emitters. 100 to about 250 mg. 
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38. 'I "he method of claim 29, wherein the therapeutic agent 54. The method of claim 49, wherein the method further 
is a toxin, and the toxin is administered in an amount ranging comprises the initial step of loading the platelet with an 
from about 1 to about 500 //g. active agent via electroporation. 

39. The method of claim 38, wherein the toxin is admin- 55. ^ mc thod of claim 49, wherein the platelet com- 
Lstered in an amount ranging from about 10 to about 100 ^g. 5 prising the therapeutic agent is administered after exposing 

40. The method of claim 39, wherein the toxin is admin- lhc ne0 plasm to ionizing radiation. 

Lstered in an amount ranging from about 20 to 50 fig. 56 ^ mclhod of claim 49> whcrcin thc ncop iasm is 

41. 'I be method of claim 40 wherein the neoplasm is Qsed tQ an ionizi radialk)n dosc fan ^ ffom aboul ai 
exposed to an ionizing radiation dose ranging from about 10 (0 a ^ out Qy 

l °4^°-li^^u 1 r 1 • in u - ,u ,u , 10 57. The mcthod of claim 56, wherein the neoplasm is 

42. Ine method ol claim 29, wherein the therapeutic agent , ... .. - ■ <• . 

is a radiotherapeutic agent, and thc radiothcrapeutic agent is ^ dose ranging from about 2 

administered in an amount ranging from about 0.5 to about 10 ^' 

100 mg mcthod of claim 57, whcrcin thc ncopiasm is 

43. The method of claim 42, wherein the radiotherapeutic exposed to an ionizing radiation dose ranging from about 4 
agent is administered in an amount ranging from about 1 to 15 10 aDOUt 50 Gy. 

about 50 mg. 59. The method of claim 49, wherein the therapeutic agent 

44. The method of claim 43, wherein thc radiotherapeutic « selected from the group consisting of a chemotherapeutic 
agent is administered in an amount ranging from about 5 to . agent, a toxin, a radiotherapeutic agent, a radiosensitizing 
about 10 mg. agent and combinations thereof. 

45. The method of claim 10, wherein the laxget tissue 20 60. The method of claim 59, wherein the chemolherapeu- 
com prises a neoplasm. tic agent is selected from the group consisting of an anti- 

46. Thc mcthod of claim 45, whcrcin thc ncopiasm is tumor drug, a cytokine, an anti-metabolite, an alkylating 
selected from the group consisting of benign intracranial a g en t, a hormone, methotrexate, doxorubicin, daunorubicin, 
melanomas, arteriovenous malformation, angioma, macular cytosine arabinoside, etoposide, 5-4 fluorouracil, melphalan, 
degeneration, melanoma, adenocarcinoma, malignant 25 chlorambucil, cyclophosphamide, cis-platinum, vindesine, 
glioma, prostatic carcinoma, kidney carcinoma, bladder mitomycin, bleomycin, purothionin, macromomycin, 1,4- 
carcinoma, pancreatic carcinoma, thyroid carcinoma, lung benzoquinone derivatives, trenimon, steroids, aminopterin, 
carcinoma, colon carcinoma, rectal carcinoma, brain anthracyclines, demccolcine, etoposide, mithramycin, 
carcinoma, liver carcinoma, breast carcinoma, ovary doxorubicin, daunomycin, vinblastine, neocarzinostatio, 
carcinoma, solid tumors, solid tumor metastases, 30 macromycin, a-amanitin, and combinations thereof, 
angiofibromas, rctrolcntal fibroplasia, hemangiomas, Kar- 61. Thc mcthod of claim 59, wherein the radiotherapeutic 
posi's sarcoma and combinations thereof. agcnt ^ selected from thc 47 Sc, 67 Cu, J09 Pd, 123 1, 125 I, 

47. The method of claim 10, wherein the vertebrate m*\ A86 R e , 188 Re, J99 Au 211 At 2J2 Pb 212 Bi 32 P 33 P 71 Ge' 
subject is a mammal. 77^ io 3p ^ xos R ^ 111^ 1195^ 12^ 131^ j-o^'iei^ 

48. The method of claim 47, wherein the mammal is a 35 177 Lu, 191 0s, J93Af Pt, and 197 Hg. 

human. 62. The method of claim 5 9, where in the therapeutic agent 

49. A method of treating a neoplasm in a vertebrate is a chemotherapeutic agent and the chemotherapeuuc agent 
subject, the method comprising the steps of: » administered in an amount ranging from aboul 10 to about 

(a) exposing thc ncopiasm to ionizing radiation to target 1000 mg. 

thc ncopiasm for a platelet; and 40 63. The method of claim 62, wherein the c he mo the rape u- 

(b) administering a platelet to the vertebrate subject tic agent is administered in an amount ranging from about 50 
before, after, during, or combinations thereof, exposing to about 500 mg. 

the neoplasm to the ionizing radiation, the platelet 64. The mcthod of claim 63, wherein the chemotherapeu- 

comprising a therapeutic agent, whereby the platelet tic agent is administered in an amount ranging from about 

delivers the therapeutic agent to the neoplasm to 45 100 to about 250 mg. 

thereby treat the neoplasm. 65. The method of claim 59, wherein the toxin is selected 

50. The method of claim 49, wherein the neoplasm is from the group consisting of Russell's Viper Venom, acti- 
selected from the group consisting of benign intracranial vated Factor IX, activated Factor X, thrombin, phospholi- 
mclanomas, arteriovenous malformation, angioma, macular pasc C, cobra venom factor, ricin, ricin A chain, Pscudomo- 
degencration, melanoma, adenocarcinoma, malignant 50 nas exotoxin, diphtheria toxin, bovine pancreatic 
glioma, prostatic carcinoma, kidney carcinoma, bladder ribonuclcasc, pokewced antiviral protein, abrin, abrin A 
carcinoma, pancreatic carcinoma, thyroid carcinoma, lung chain, gelonin, saporin, modeccin, viscumin, volkensin and 
carcinoma, colon carcinoma, rectal carcinoma, brain combinations thereof. 

carcinoma, liver carcinoma, breast carcinoma, ovary 66. The method of claim 59, wherein the therapeutic agent 
carcinoma, solid tumors, solid tumor metastases, 55 is a toxin and the toxin is administered in an amount ranging 

angiofibromas, relrolenlal fibroplasia, hemangiomas, Kar- from about 1 to aboul 500 //g. 

posi's sarcoma and combinations thereof. 67. The method of claim 66, wherein the toxin is admin- 

51. 'Ine method of claim 49, wherein the platelet com- Lstered in an amount ranging from about 10 to about 100 /*g. 
prising the therapeutic agent is administered about one hour 68. 'ITie mcthod of claim 67, wherein the toxin is admin- 
prior to exposing the target tissue to ionizing radiation. 60 isle red in an amount ranging from about 20 to 50 /ig. 

52. Ine method of claim 49, wherein the platelet com- 69. The method of claim 59, wherein the therapeutic agent 
prising the therapeutic agent is administered about ten is a radiosensitizing agent, and the mcthod further comprises 
minutes after exposing the target tissue to ionizing radiation. thc step of exposing thc neoplasm to an additional dose of 

53. I ne method of claim 49, wherein the platelet com- ionizing radiation. 

prising the therapeutic agent is administered both at about 65 70. I Tie method of claim 69, wherein the radiosensitizing 
one hour prior to and at about ten minutes after exposing the agent is selected from the group consisting of an anti- 
target tissue to ionizing radiation. angiogenic agent; a DNA protein kinase inhibitor; a tyrosine 
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kinase inhibitor; a DNA repair enzyme inhibitor; nitroimi- 
dazolc; metronidazole; misonidazole; a genetic construct 
comprising an enhancer-promoter region which is respon- 
sive to radiation, and at least one structural gene whose 
expression is controlled by the enhancer- promoter; boron- 5 
neutron capture reagents; and combinations thereof. 

71. 'ITic method of claim 70, wherein the genetic construct 
further comprises a viral vector. 

72. The method of claim 69, wherein the neoplasm is 
exposed to the additional dose of ionizing radiation at a time JQ 
point falling in a range of about 3 to about 12 hours after 
initial irradiation of the neoplasm. 

73. 'ITic method of claim 72, wherein the neoplasm is 
exposed to the additional dose of ionizing radiation at a lime 
point of about 6 hours after initial irradiation of the neo- 
plasm. 15 

74. The method of claim 59, wherein the therapeutic agent 
is a radiotherapeutic agent and the radiotherapeutic agent is 
administered in an amount ranging from about 0.5 to about 
100 mg. 

75. The method of claim 74, wherein the radiotherapeutic 20 
agent is administered in an amount ranging from about 1 to 
about 50 mg. 

76. The method of claim 75, wherein the radiotherapeutic 
agent is administered in an amount ranging from about 5 to 
about 10 mg. 25 

77. The method of claim 49, wherein the vertebrate 
subject is a mammal. 

78. The method of claim 77, wherein the mammal is a 
human. 

79. A method of inhibiting angiogencsis in a vertebrate 30 
subject, the method comprising the steps of: 

(a) exposing a target tissue in the vertebrate subject to 
ionizing radiation to target the tissue for a platelet, the 
target tissue undergoing angiogencsis; and 

(b) administering a platelet to the vertebrate subject 35 
before, after, during, or combinations thereof, exposing 
the target tissue to the ionizing radiation, the platelet 
comprising an angiogenesis inhibiting amount of an 
angiogenesis-inhibiting therapeutic agent, whereby the 
platelet localizes in the target tissue to thereby inhibit 40 
angiogenesis by delivering the therapeutic agent to the 
target tissue. 

80. The method of claim 79, wherein the method further 
comprises the initial step of loading the platelet with an 
active agent via electroporation. 

81. The method of claim 79, wherein the platelet com- 
prising the angiogenesis-inhibiting therapeutic agent is 
administered after exposing the tissue to ionizing radiation. 

82. The method of claim 79, wherein the target tissue 
comprises a neoplasm. 

83. The method of claim 82, wherein the neoplasm is 
selected from the group consisting of benign intracranial 
melanomas, arteriovenous malformation, angioma, macular 
degeneration, melanoma, adenocarcinoma, malignant 
glioma, prostatic carcinoma, kidney carcinoma, bladder 
carcinoma, pancreatic carcinoma, thyroid carcinoma, lung 
carcinoma, colon carcinoma, rectal carcinoma, brain 
carcinoma, liver carcinoma, breast carcinoma, ovary 
carcinoma, solid tumors, solid tumor metastases, 
angiofibromas, retrolental fibroplasia, hemangiomas, Kar- r>() 
posi's sarcoma and combinations thereof. 

84. The method of claim 79, wherein the vertebrate 
subject is a mammal. 

85. 'ITic method of claim 84, wherein the mammal is a 
human. 65 

86. A method of imaging a target tissue in a vertebrate 
subject, the method comprising the steps of: 
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(a) exposing the target tissue to ionizing radiation to target 
the tissue for a platelet; 

(b) administering a platelet to the vertebrate subject 
before, after, during, or combinations thereof, exposing 
the target tissue to the ionizing radiation, the platelet 
comprising an imaging agent, whereby the platelet 
localizes in the target tissue to thereby deliver the 
imaging agent to the target tissue; and 

(c) detecting the imaging agent in the target tissue. 

87. The method of claim 86, wherein the platelet com- 
prising the imaging agent is administered about one hour 
prior to exposing the target tissue to ionizing radiation. 

88. 'ITic method of claim 86, wherein the platelet com- 
prising the imaging agent is administered about ten minutes 
after exposing the target tissue to ionizing radiation. 

89. The method of claim 86, wherein the platelet com- 
prising the imaging agent is administered both at about one 
hour prior to and at about ten minutes after exposing the 
target tissue to ionizing radiation. 

90. The method of claim 86, wherein the method further 
comprises the initial step of loading the platelet with an 
active agent via electroporation. 

91. The method of claim 86, wherein the platelet com- 
prising the imaging agent is administered after exposing the 
tissue to ionizing radiation. 

92. The method of claim 86, wherein the target tissue is 
exposed to an ionizing radiation dose ranging from about 1 
to about 150 Gy. 

93. The method of claim 92, wherein the target tissue is 
exposed to an ionizing radiation dose ranging from about 2 
to about 100 Gy. 

94. r Vhc method of claim 93, wherein the target tissue is 
exposed to an ionizing radiation dose ranging from about 4 
to about 50 Gy. 

95. The method of claim 94, wherein the target tissue is 
exposed to an ionizing radiation dose ranging from about 10 
to about 20 Gy. 

96. Tlie method of claim 86, wherein the imaging agent is 
selected from the group consisting of paramagnetic, radio- 
active and fluorogenic ions. 

97. The method of claim 96, wherein the radioactive 
imaging agent is selected from the group consisting of 
gamma-emitters, positron-emitters and x-ray-emitters. 

98. The method of claim 97, wherein the radioactive 
imaging agent is selected from the group consisting of 43 K, 
52 I'c, 57 Co, 67 Cu, 67 Ca , 6w Ga , ^Br, * W 1Af Kx, 87A, Sr, 
" M Tc, 1 11 In, ll3 In, 123 l, 125 t, 127 Cs, l29 Cs, 13 'I, J32 I, J97 IIg, 
=° 3 Pb and 20ti Bi. 

99. T Tie method of claim 96, wherein the radioactive 
imaging agent is present in the platelet in an amount ranging 
from about 0.1 to about LOO millicuries. 

100. The method of claim 99, wherein the radioactive 
imaging agent Ls present in the platelet in an amount ranging 
from about 1 to about 10 millicuries. 

101. TTie method of claim KM), wherein the radioactive 
imaging agent is present in the platelet in an amount ranging 
from about 2 to about 5 millicuries. 

102. Ilie method of claim 101, wherein the radioactive 
imaging agent is present in the platelet in an amount ranging 
from about 1 to about 5 millicuries. 

103. The method of claim 86, wherein the vertebrate 
subject is a mammal. 

104. The method of claim 103, wherein the mammal is a 
human. 



